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RESISTANCE OF INBRED LINES OF DENT CORN TO LEAF FEEDING 
BY !ST-BROOD EUROPEAN CORN BORERS 1• 2 
W. D. Guthrie 3 and F. F. Dicke4 
Entomology Research Division 
Agr. Res. Serv., U.S.D.A. 
Ankeny, Iowa 50021 
ABSTRACT. A total of 1, 167 inbred lines of dent corn were rated for 
resistance to leaf feeding by larvae of 1st-brood European corn borers, 
Ostrinia nubilalis (Hubner). 
The search for inbred lines of corn resistant to a 1st-brood infesta-
tion by the European corn borer, Ostinia nubilalis (Hubner ) , has been in 
progress for many years as a cooperative effort by entomologists, corn 
breeders, and corn geneticists. As a result of this team approach, many 
inbred lines have been screened for resistant germ plasm, and the 
genetic basis for leaf feeding resistance as well as methods of corn 
breeding to transfer resistance to susceptible inbred lines have been de -
termined (Patch et al. 1942; Schlosberg and Baker 1948; Singh 195 3; 
Ibrahim 1954; Pe-;ny and Dicke 1956, 1957; Guthrie and Stringfield 196la, 
b; Scott et al. 1964; Scott and Dicke 1965; Scott et al. 1966; Penny et al. 
1967). Sl:ntllar efforts to find sources of resi 'st~nce to 2nd-brood ~r-ers 
have not proceeded as fast because the egg masses necessary to achieve 
the artificial infestations used in such studies have not been so readily 
available. For example, over a period of 38 years, we hav e produced 
some 12 million egg masses to use in 1st-brood infestation by placing 
infested corn stalks in large cages in the fall (Guthrie et al. 1965). In 
contrast, it is only in the past 5 years that we have be~ able to use 
moths originating from larvae reared on a meridic diet for 2nd-brood 
egg production (Guthrie et al. 1965; Lewis and Lynch 1969; Lewis et al. 
1970; Lewis et al. 197lf:- Thus, research into resistance to a 2nd-:::brood 
infestation has ~ow been accelerated. 
Heavy infestations by 1st-brood corn borers can decrease the yields 
of susceptible single crosses by some 30 bu / acre (Penny and Dicke 1959), 
so one purpose in developing inbreds resistant to leaf feeding (1st brood) 
is to reduce 1st-brood populations in order to reduce losses. However, 
the biotic potential of the corn borer is great when climatic conditions 
are favorable, and a large 2nd-brood infestation can develop from a 
1 Lepidoptera: Pyraustidae. 
2 Journal Paper No. J -6800 of the Iowa Agdculture and Home Economics 
Experiment Station, Ames, Iowa. Project 1687. 
3 Also Associate Professor, Iowa State University of Science and Tech-
nology, Ames, Iowa 50010 
4 Present address: Pioneer Hi-Bred Corn Co., Johnston, Iowa 50131. 
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small 1st-brood population. As a result, even a 5Cf/o reduction in the 
1st-brood population achieved by the use of resistant hybrids would re-
duce damage by 2nd-brood borers. For example, an experimental in-
bred, (W24 X B2)-2-38-l, that was highly resistant to leaf feeding re -
duced borer populations 8o/fo 30 days after egg hatch compared with a 
susceptible inbred line (WF9) ; also, a resistant inbred (Oh43) reduced 
borer populations 75'/o (Guthrie et al. 1960). Even an inbred line with an 
intermediate degree of resistan~e ~ould be effective in reducing 1st-
brood populations. 
In recent years, most farmers have planted single crosses or simu-
lated single crosses instead of double cross hybrids. Some single crosses 
between a resistant and a susceptible line are i ntermediate in perform-
ance between the 2 parents (Dic k e 1954). The high resistance of Oh45 
showed a high degree of dominance in crosses with 3 susceptible inbreds 
(Klun et al. 1970). Also, the high resistance of CI. 31A had a high de-
gree of d""Zminance in crosses with 4 susceptible inbreds (Penny and Dicke 
195 9; Klun et al. 19 70) . In general, single crosses with the following 
combinatio~ of inbred lines are effective in reducing 1st-brood popula-
tions: Resistant X Resistant, Intermediate X Intermediate, Resistant X 
Intermediate, or Resistant X Susceptible. How ever, either dominance of 
resistance or incomplete dominance is necessary if the Resistant X Sus -
ceptible combination is to be effective, and most single crosses involving 
Intermediate X Susceptible combinations are s u sceptible. For example, 
inbreds B5~, Hy, and W22 (intermediate in resistance to leaf feeding) in 
combination with 4 susceptible inbreds (Bl4A, B37, RlOl, WF9) were 
susceptible to leaf feeding (Klun et al. 1970). 
Moreover, inbred lines resistant to leaf feeding (1st brood) are not 
necessarily resistant to sheath feeding (2nd brood) (Guthrie et al. 1970). 
Oh43 is resistant to a 1st-brood infestation (Guthrie et al. 1960) but sus -
ceptible to a 2nd-brood infestation (Pesho et al. 1965;G~thrie et al. 1970). 
In contrast, inbred B52 i s highly resistant to -2nd-brood infest~i;-n (Pesho 
et al. 1965; Guthrie et al. 19 70), but intermediate in resistance to lst-
br;-od infestation (Kh;:n ~nd Brindley 1966); Thus, resistance to whorl 
leaf feeding (1st brood) must be considered separately from resistance 
to sheath feeding (2nd brood) until w e can develop methods of selecting 
for resistance to both broods in the same plant population (Guthrie 1970). 
The present paper reports the leaf feeding resistance or susceptibility 
(1st .. brood) found in testing many released inbred lines of dent corn and 
some experimental inbred lines. Some of the experimental lines may no 
longer be available. 
Corn breeders located at several experiment stations submitted 
material for testing. 
METHODS 
All lines were planted in single -row plots consisting of five 3-plant 
hills (40 in. between hills) or in single -row plots containing 16 plants 
(about 10 in. between plants); th~ distance between rows was 40 in. 
In general, 6 to 16 plants at the midwhorl stage of development in 
each plot were infested with 4 egg masses, or approximately 80 to 100 
eggs per plant. In most years, the 4 masses were placed on the 
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plants on 2 dates (2 mass es per application) 3 to 7 days apart when most 
inbred lines w ere 18 to 32 in. in extended leaf height. At 3 to 4 weeks 
after egg hatch, all lines w ere rated for damage on a plot basis. 
A 9-class rating scale as described by Guthrie et al. (1 9 60) was used 
to evaluate t h e relative degree of resistance to leaf f;-eding. Inbreds 
that rated 1-2 we re considered highly resistant, inbreds that rated 3-4 
were resistant, inbreds that rated 5 -6 were intermediate in resistance, 
and inbreds that rated 7 - 9 w ere highly susceptible. This classification 
deviates somewhat from that used by Guthrie et al. (1 960) who consid-
ered lines that rated 1 -3 as resistant, lines thaGated 4-6 as intermedi-
ate, and lines that rated 7 - 9 as susceptible. Plant damage is a better 
index of inbred performance than insect counts because many factors, 
including insect diseases, predation, and parasitism, can result in the 
absence of viable insect forms at the time of examination even though 
extensive plant damage is present. 
RESULTS AND DISCUSSION 
The results are given in Table 1. The origin of many of the inbred 
lines tested was recorded by Jenkins (1936, 1942) 5 , Stringfield (1 9 5 9) , 
Henderson (1968), and Greenwald and Peterson (1970). 
In screening inbred lines for resistant germ plasm, the susceptible 
material can easily be determined with 1 replication, but material show-
ing resistance should be evaluated over a period of 2 to 3 years in repli-
cated experiments, because some lines may have escaped an infestation 
because of predation by other insects, etc. Thus, the data for the many 
inbred lines in Table 1 that were evaluated over a period of several 
years are very dependable. Data for lines evaluated in only 1 year or in 
only 1 replication are less reliable. 
Several additional experimental inbred lines and synthetic varieties 
(not listed in Table 1) developed as a result of the cooperative USDA-
Iowa State University host plant resistance program are available for use 
as genetic stocks by corn breeders; they include: 
Iowa 2-Ear -Synthetic No. 1. This 10-line synthetic was developed to 
provide a heterogenous population that would be a source of 2 -ear lines 
with good combining ability. All lines used in this synthetic develop 2 
ears when growing conditions are favorable. This synthetic can also be 
used as a source of lines with a high degree of resistance to leaf feeding 
by 1st-brood European corn borers. 
Iowa Corn Borer Synthetic No. 3. Sixteen inbred lines were used to 
make up this synthetic, all with intermediate-to-excellent resistance to 
leaf feeding by 1st-brood European corn borers. This synthetic is an 
excellent source of germ plasm for corn borer resistance. 
Iowa Corn Borer Synthetic No. 4 . This synthetic was developed after 
3 cycles of recurrent selection in Iowa Synthetic A for resistance to leaf 
feeding by the European corn borer. Initial evaluation indicates that it 
has a high potential as a source of lines with satisfactory resistance to 
leaf feeding. 
5 Reports of the fourth and fifth corn improvement conference of the 
north central region. Mimeograph. 91 p. 
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Table 1. European corn borer leaf feeding re sistance (lstbrood) of 
inbred lines of d ent corn. 
No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
u.s.o.A. Alabama (cont.) 
Highll resistant l-2a Ab206A 1 2 
CI.31 5 18 Ab402 1 2 
CI.31A 7 353 Ab404 1 2 
Ab406A 1 2 
Re§istant 3-4 Ab408 1 2 
CI.43 Ab408A 1 2 
Ab412 1 2 
Intennediate 5-6 Ab412A 1 2 
CI.2B 1 4 Ab416 1 2 
CI.4-8 1 1 Ab422 1 2 
CI.7 3 5 Ab422A 1 2 
CI.21 5 8 Ab422B 1 2 
CI.23 1 1 Ab606 1 2 
CI.28A 1 3 Ab612 1 2 
CI.41 1 1 Ab614 1 2 
CI.42A 1 l Ab616 1 2 
!'::I.90A l 1 Ab618 1 2 
Ab620 1 2 
Susce12tible 7-8-9 Ab622 1 2 
CI.2 3 7 Ab624 1 2 
CI.3 1 1 Ab804 1 2 
CI.3A 2 3 Ab806 1 2 
CI.5 1 1 
CI.llB 1 1 SusceJ2tible 7-8-9 
CI.21E 2 5 Ab20 1 4 
CI.27 1 4 Ab24E 1 2 
CI.38B 1 4 Ab26 1 4 
CI.42 1 1 Ab26A 1 2 
CI.46 1 4 Ab28 1 4 
CI.61 3 5 Ab28A 1 2 
CI.187-2 16 47 Ab28B 2 4 
CI.540 1 1 Ab30 1 2 
Ab32 1 2 
~ Ab38A 2 4 
Ab38B 2 4 
HighlI resistant 1-2 Ab42 1 2 
Ab202 1 2 Ab410 1 2 
Ab406 1 2 Ab416A 1 2 
Ab420 1 2 
Resistant 3-4 Ab602 1 2 
Ab26B 1 2 Ab608 1 2 
Ab40A 1 2 Ab610 1 2 
Ab414 1 2 Ab626 l 2 
Ab418 1 2 Ab802 1 2 
Ab604 l 2 HTI3322 1 2 
Ab808 1 2 HYT3351 1 2 
HYT3386 1 2 
Intermediate 5-6 HYT3438 1 2 
AblO 1 2 PIOA3684 1 2 
Abl8 2 6 PIOA3692 1 2 
Abl8E 1 2 PIOA3716 1 2 
Ab24 2 4 PIOA3750 1 2 
Ab34 2 4 PIOA3754 1 2 
Ab38 1 2 PIOA3759 1 2 
Ab40 2 3 PIOA3770 1 2 
Ab40B 1 2 ARGEN'IINA Ab44A 1 2 
Ab204 1 1 HighlI resistant 1-2 
Ab206 1 2 41 :2504B 12 39 
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No. of Total No. of Total 
~ years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
ARKANSAS Florida (cont.) 
F3H88-l 1 2 
Resistant 3-4 F3Hl46-l 1 2 
Ak38 1 2 F6 3 7 
Ak42 1 2 Fl3-2-l 1 2 
(Ak) Hl09 1 2 F24-l 1 2 
(Ak) Pl5 1 2 FllO 1 2 
(Ak) RYDlO 1 2 Fll6 1 2 
(Ak) Va25 1 2 Fll8 1 2 
Fl20 1 2 
Intermediate 5-6 Fl24 1 2 
Akl6 1 2 Fl32 1 2 
Akl8 1 2 Fl36 1 2 
Ak44 1 2 Fl42 1 2 
Ak46 1 2 F38144 1 2 
(Ak) IGMlO 1 2 
Intermediate 5-6 
SusceEtible 7-8•9 F2H26 1 2 
Ak40 1 2 F2M42-2 1 2 
Ak26375 1 2 F3Hl03-l l 2 
(Ak) HS 1 2 F4B472 l 2 
(Ak) H20 1 2 F5B50-l l 2 
(Ak) H40 1 2 F5B202-l l 2 
(Ak) H63 1 2 Fll-47 l 2 
(Ak) H84 1 2 Fll-57 l 2 
(Ak) Hale 59 l 2 F44 2 6 
(Ak) Hale 70 l 2 Fl04A l 2 
Fll2 l 2 
~ Fll4 l 2 
Fl22 1 2 
~sist1nt 3-4 Fl28 l 2 
CH2 2 8 Fl30 l 2 
CH9 6 14 Fl34 l 2 
Fl40 l 2 
Intermediate 5-6 F811-24 l 2 
CH159 4 14 F(C811XGT106)-ll l 2 
FM536 l 2 
SusceEtible 7-8-9 FYS8-l l 2 
CH3 3 10 
CH157 2 8 SusceEtible 7-8-9 
CH160 3 10 FOPM45 l 2 
CMD5 2 4 F3B220 l 2 
F4B200 l 2 
COfilmCTICUT F55Sl2-2 l 2 
Fl08 1 2 
Resistant 3-4 Fl38 l 2 
Cl04 1 l F502 1 2 
Cl23 1 2 F522 l 2 
FSA6 1 2 
SusceEtible 7-8-9 FT8-l 1 2 




Resistant 3-4 GA61:981 l 2 
F2Hl06W l 2 GA61:994 l 2 
F2L94-2 1 2 GA61:995 l 2 
F2Ll59-l l 2 GA61:1114 l 2 
F2L267-2 l 2 GA150 l 2 
F2Ml2-2 l 2 GA151 l 2 
F3H84-l l 2 GA202 l 2 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
Georgia (cont.) Georgia (cont.) 
GA204 1 2 GE54 2 4 
GA207 1 2 GE62 2 4 
GA610A 1 2 GE72 1 2 
GE12 1 2 GE76 1 2 
GE60 2 3 GE7S 1 2 
GES2 2 5 GESO 1 2 
GE25S 1 3 GES6 1 2 
GE2Sl 3 5 GE90 1 2 
GE293 1 2 GE92 1 2 
GE333 2 5 GE129 2 4 
GE335 1 2 GE137 1 2 
GE440 1 3 GE275 1 2 
GEC32S 1 2 GE295 1 2 
GT140A 1 2 GE297 1 2 
GTS0135 1 2 GE309 1 2 
GTS0190 1 2 GE311 1 2 
GTS2220 1 2 GE317 2 4 
GTCl-11 1 2 GE321 1 2 
GTF2J 1 2 GE325 1 2 
GE337 1 2 
Intermediate 5-6 GT2-043 1 2 
GA61:917 1 2 GT9-996 1 2 
GA61:9S4 1 2 GT91549.3SA 1 2 
GA61:99S 1 2 
GA61:1112 1 2 ILLINOIS 
GA61:1123 1 2 
GA152 2 4 Resistant 3-4 
GA15S 2 4 Rll 1 4 
GA172 2 4 R61 s 23 
GA200 2 4 R71 3 10 
GA205 1 2 Rl09B 2 2 
GA209 1 2 RllS 1 1 
GA211 1 2 Rl6S 1 1 
GE3S 1 2 Rl77HtA 1 1 
GESS 1 2 RlSlBHtB 1 2 
GE291 1 3 
GE317 1 3 Intermediate 5-6 
GT9-54C 1 2 4226 l 1 
GT9-213D 1 2 5120B 1 1 
GTB504 1 2 Hy 12 31 
GTFlD 1 2 Hy2 5 lS 
GTM6 1 2 R36 1 4 
GT0-53SA 1 2 R3S 1 4 
GT0-1265A 1 2 R59 1 1 
GT0-1325B 1 2 Rl51 2 6 
Rl54 1 4 
~usce2tible 7-8-9 Rl68BtA l 2 
GA61 :979 l 2 RlSl 2 6 
GA61:992 1 2 RlSlB 2 6 
GA61:1023 1 2 RHY2HtB 1 2 
GA61:1101 1 2 
GA153 2 4 Susce2tible 7-S-9 
GA156 2 4 90 5 s 
GA160 2 4 A 1 1 
GA199 2 4 Ml4 16 253 
GA203 2 4 R2 l 1 
GA208 1 2 R4 6 15 
GA4791 l 2 R30 2 5 
GE4 2 4 R37 1 4 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
Illinois (cont.) Iowa (cont.) 
R40 1 4 B42 5 16 
R53 1 1 B51 3 9 
RlOl 3 8 B54 4 11 
Rl05 2 6 B55 1 3 
RM14HtA 1 2 B56 3 9 
B57 4 11 
INDIANA B61 1 3 
B62 1 3 
Resistant 3-4 B65 5 10 
B2 6 11 HD225 5 13 
H55 1 3 
H60 4 11 Intermediate 5-6 
H96 1 2 B7 5 9 
H225 5 17 Bl6 3 9 
B21 2 4 
Intermediate 5-6 B33 3 9 
B39 3 5 
Hl6 3 10 B40 2 4 
H21 2 3 B45 5 16 
H22 1 1 B46 6 20 
H23 1 1 B47 3 10 
R52 1 3 B50 3 9 
H59 1 3 B52b 5 12 
H65 1 3 B53 3 9 
H71 1 3 B58 1 3 
H84 1 2 B59 2 6 
H88 1 2 B64 5 10 
H91 1 2 B66 6 12 
H94 1 2 B68 5 10 
(P8X61-67)Sel 3 11 B73 1 2 
Prl 1 1 1205 1 6 
T96 1 1 I224 1 1 
I234 1 1 
Susce~tible 7-8-9 L304A 1 3 
33-16 2 3 L317 16 47 
38-11 14 50 L317W 1 3 
H5 4 11 OS426 1 2 
HlO 1 3 
H49 2 5 Susce~tible 7-8-9 
H63A 1 3 B8 10 22 
H64 1 3 BlO 5 5 
H72 1 3 Bl4 15 84 
H73 1 2 Bl5 3 6 
H92 1 2 Bl7 l 1 
H93 1 2 B25 3 9 
H95 1 2 B35 2 8 
P8 6 15 B36 3 8 
T92 1 l B37 11 58 
Tr 5 9 B38 6 21 
WF9 19 812 B43 2 6 
B44 1 3 
~ B48 2 6 
B67 6 12 
HighlI Resistant 1-2 B69 5 10 
B49 7 21 !159 1 l 
I205 l 1 
Resistant 3-4 I259 l 4 
Bl8 l 1 Ia.153 2 2 
B34 l l L 4 6 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested £S!tions Inbred tested cations 
Iowa (cont.) Kentucky (cont.) 
LlO 2 4 Ky55-572 2 4 
L97 2 4 Ky56-126 1 3 
L289 3 5 Ky56-368 1 2 
OS420 5 17 Ky56-433 2 4 
Ky57-582 1 2 
KANSAS Ky57-649 l 2 
Ky58 1 1 
Resistant 3-4 Ky61-1967 1 2 
K230 2 4 Ky61-2261 1 2 
K745 1 3 Ky61-2291 1 2 
Ky61-2463 1 2 
Intermediate 5-6 KyllO 1 4 
K41 1 1 Kyll2 2 4 
K44 1 1 Kyll2 yellow 1 4 
K55 1 1 Ky216 2 4 
K63 1 1 Ky218 1 2 
Kl48 1 1 KyS 1 1 
Kl50 1 1 
Kl55 1 1 SusceEtible 7-8-9 
K470 1 3 Ky27 3 5 
K711 1 3 Ky36-ll 2 7 
K712 l 3 Ky49 2 2 
K735 2 4 Ky55-549 1 2 
K809 l 2 Ky55-562 2 7 
K5516 l 3 Ky56-l50 l 3 
K5668 l 3 Ky57-565 l 2 
K9385 l 2 Ky6l-l903 l 2 
K9390 l 2 Ky6l-2079 l 2 
Ky61-2l07 l 2 
SusceEtible 7-8-9 Ky6l-2154 l 2 
K4 2 3 Ky6l-2l87 l 2 
K6 l l Ky6l-22l8 l 2 
K64 3 14 Kyl06 1 4 
Kl59 l 6 Kyl08 2 7 
Kl66 l 3 Kyl20 1 3 
K20l 2 6 Kyl22 2 2 
K20l-R 1 3 Ky20l-K55 2 4 
K237 l 6 Ky209 l 3 
K766 l 3 Ky211 2 5 
K804 l 2 Ky217 l 2 
K9214 1 2 Ky219 l 2 
K9408 l 2 Ky225 1 2 




Ky57-619 l 2 Resistant 3-4 
Ky57-636 l 2 L2D2 l 2 
Ky6l-22l0 1 2 Ll90 l 2 
Kyl27 l 2 L266 1 2 
Ky226 l 1 L300 l 2 
L334 1 2 
Intermediate 5-6 L62l l 2 
Ky2l l l L672 l 2 
Ky39 l l L693 1 2 
Ky55-235 l 2 L747 l 2 
Ky55-537 l 2 L766 l 2 
Ky55-557 l 2 L777 l 2 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
Louisiana (cont.) Michigan (cont.) 
L826 2 MS155 1 1 
LHD7 2 MS199 3 6 
MS200 2 5 
Intermediate 5-6 MS201 3 6 
I.2-2 2 4 MS202 3 6 
L44 2 4 MS203 3 6 
L62 2 4 MS204 3 6 
L90 2 4 MS205 3 6 
L91 2 4 MS208 1 3 
Ll57 1 2 MS214 6 15 
I.281 1 2 MS216 3 6 
L330 l 2 MS217 2 5 
L336 l 2 MS1334 2 4 
L503 2 3 
L568 l 2 intermediate 5-6 
L578 2 4 MS4 1 3 
L578RFRF 1 4 MS22 6 17 
L596-l 1 2 MS24 1 1 
L609-l 1 2 MS24A 1 1 
L678-3 1 2 HS55 1 1 
L748 1 2 HS64 1 1 
L765-l 1 2 MS68 2 3 
L770 1 2 MS73 1 1 
L814 1 2 MS80 2 3 
L822 1 2 MS94 1 1 
MS107 3 6 
Susce2tible 7-8-9 MSlll 1 3 
Ll21 1 2 MS128 1 3 
I.251 1 2 MS131 1 1 
I.267 1 2 MS134 1 1 
L504 2 4 MS151 1 1 
L569 1 2 MS215 3 6 
L605-2 1 2 MS218 2 5 
L652 1 2 
L729 1 2 §usc~2tible 7-8-9 
L740 1 2 MS57 2 3 
L757 1 2 HS58 1 1 
L772 1 2 HS66 1 1 
L800 1 2 HS75 1 1 
L811 1 2 MS76 2 2 
L818 1 2 MS91 1 1 
MSlOO 1 1 
MJ;gg;~ MS106 3 6 
HS114 1 3 
Resistant 3-4 HS129 1 3 
HSl 11 29 HS132 1 1 
MS3L 1 1 MS206 2 2 
MS7 4 11 MS211 2 4 
MS8 4 11 MS213 5 11 
MS32 5 12 HS219 2 5 
MS62(Wl0) 1 1 
MS67 1 2 MINNE§ OTA 
MS77 1 1 
HS89 1 1 B&sia taut 3 -4 
MS109 1 3 A68-6 1 2 
MS116 2 5 A90 2 2 
MS142 1 2 A234 1 3 
MS152 1 1 A295 9 36 
MS153 1 2 A298 6 21 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
Minnesota (cont.) Minnesota (cont.) 
A302 1 3 A257 4 11 
A347 1 2 A297 1 3 
A385 1 1 A322 4 14 
A619 3 8 A334 2 6 
A624 1 3 A340 2 6 
A628 1 2 A344 3 13 
Imp.15 1 1 A374 2 4 
A396 1 3 · 
Intermediate 5-6 A427 2 5 
A7 1 1 A556 2 5 
Al2 1 1 A629 2 5 
A25 1 1 A631 1 3 
A71 1 1 Cl4 1 1 
Alli 2 2 
Al31 1 2 MISSISSIPPI 
Al58 2 5 
Al65 1 1 Resistant 3-4 
Al71 2 4 Mp311 3 6 
Al88 1 1 Mp313 1 2 
A206 5 14 Mp313E 2 4 
A222 1 3 Mp410 1 2 
A231 1 3 Mp440 1 2 
A250 4 11 Mp448rFrF 1 2 
A251 1 3 MpKlsl50 1 2 
A277 3 10 MpYJ909.37 1 2 
A279 4 11 
A311 2 6 Intermediate 5-6 
A312 1 3 Mpl 1 2 
A315 1 3 Mp2-210 1 2 
A357 1 1 Mp307 2 4 
A367 1 3 Mp333 1 2 
A375 2 4 Mp414 3 6 
A392 2 5 Mp440 2 4 
A395 1 1 Mp444 2 4 
A401 1 3 Mp446 2 4 
A417 1 3 Mp448 1 2 
A498 1 3 Mp464 2 4 
A509 1 3 Mp466 1 2 
A632 1 3 Mp480 2 4 
A635 1 3 Kp482 1 2 
A646 1 2 Mp488 2 7 
8164 2 6 Mpll00.3-4 1 2 
Cll 1 1 
Cll Imp 1 1 ~usceEtible 7-8-9 
Cl4 Imp 1 1 Mp57:63 1 2 
Mp303 1 2 
SusceEtible 7-8-9 Mp305 2 4 
A 1 3 Mp315 2 4 
AlS 2 4 Mp317 2 4 
A21 1 1 Mp319 2 4 
A34 2 4 Kp339 1 2 
A73 6 19 Mp351 1 2 
A95 1 3 Kp408 l 2 
A96 l 2 MP412 2 4 
Al16 l 2 Mp420 l 2 
Al48 1 2 MP422 1 2 
Al66 2 4 Mp428 2 4 
A22l 1 3 Mp460 2 4 
A239 5 15 Mp462 2 4 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
MississiEEi (cont.) Nebraska (cont.) 
Mp468 1 2 N20 2 5 
Mp486 2 7 N21 1 3 
N24 1 3 
MISSOURI N25 1 3 
N38A 1 4 
Resistant 3-4 Nl03 2 5 
Mo13 4 
Mo22 1 ~usceEtible 7-8-9 
NS 1 3 
Int~rmediate 5-6 N6 10 21 
49Mol2 1 2 N6D 1 3 
Mo2RF 2 4 N7A 2 5 
Mo7 1 2 N9 1 3 
Moll 1 2 Nl4 1 3 
Mo14W 1 3 N22A 2 5 
Mo17 1 2 N28 2 8 
Mo18W 1 2 N31 1 2 
Mo557 2 2 Nl24 1 3 
Mo572 1 1 Nl38 2 5 
Mo0225 1 3 
Mo9689 1 3 NORTH C~OLINA 
Mo01932 1 3 
Moll662 1 3 Resistant 3-4 
M061156 1 3 NC7 1 4 
Mo92754W 1 3 NC83 3 5 
MoG 1 1 NC214 3 5 
MoL3 1 1 NC222 3 9 
NC224 3 7 
SusceEtible 7-8-9 NC226 3 5 
Molw 1 2 
Mo3 1 2 Intermediate 5-6 
Mo5 1 4 NC82 2 4 
Mo6 1 2 NC206 3 5 
Mol2 1 2 NC218 2 4 
Mo19 1 2 NC228 1 2 
Mo20W 1 2 
Mo940 1 1 SusceEtible 7-8-9 
Mol602-l 1 3 NC210 2 4 
Mo9145W 1 3 NC216 2 4 
Mo72075W 1 3 NC72.014T.59 1 2 
MOB2 1 1 (NC7XKyS) 1 3 
NEBRASKA NORTH DAK<YrA 
Resistant 3-4 Intermediate 5-6 
N2 1 3 ND230 1 
N32 6 20 
NlOO 1 3 SusceEtible 7-8-9 
NlOl 2 5 NDl 1 l 
Nl04 2 5 NDS 1 1 
ND30 1 1 
Intermediate 5-6 ND36 1 1 
Nl 3 10 ND167 l l 
N3 2 4 ND203 l 1 
N7B 1 2 ND211 1 1 
NlS 1 3 ND255 1 1 
Nl6 3 12 ND283 1 1 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested C§tions 
OHIO OKLAHOMA 
Highly Resistant 1-2 Resistant 3-4 
Oh45 13 107 OK12 6 13 
Oh45B 3 9 OK22 l 2 
Ob441 l 4 
PENNS"fb.VANIA 
Resistant 3-4 
Oh4C 8 22 Resistant 3-4 
Oh4G 2 6 Pall l 3 
Oh5 4 16 Pa32 3 6 
Oh7P 2 6 Pa54 3 6 
Ob40B 6 16 Pa70 l 3 
Oh41 7 15 Pa83 l 3 
Oh43 14 384 Pa405 l 2 
Oh45A 7 14 Pa884P l 3 
Oh423 l 4 
Oh425 l 4 ;tntet111edi1te 5-6 
Oh443 l 4 Pa409 l 2 
Oh48l 2 3 Pa887P 1 3 
Oh511 l 2 
Oh545 l 2 SOUTH CARO~& 
J;ntermediate 5-6 Resistant 3-4 
Ob07 2 7 SC1R5 l 2 
Oh33 2 4 SClRlO l 2 
Oh51 3 4 SC3Rl2 l 2 
Oh5lA 10 48 SC196B l 2 
Oh67:1044 1 2 SC2l2D l 2 
Oh426 (white) l 4 SC212KM l 2 
Oh427 (white) l 4 SC213H l 2 
Oh428 (white) l 4 SC2l3R62 l 2 
Oh431 l 4 SC213RR30 1 2 
Oh442 l 4 SC213W l 2 
Oh451 l 4 SC226 l 2 
Oh507 l 2 SC235R3 l 2 
Oh508 l 2 SC238 l 2 
Oh512 l 2 SC259 l 2 
SC287K 1 2 
Susce2tible 7-8-9 SC301D l 2 
Oh02 l l SC311B 1 2 
Oh7A 1 4 SC358 l 2 
Oh7B 3 7 SC387 l 2 
Oh26 l 2 SC399 l 2 
Oh26A l 4 SC2l20 
· l 2 
Oh26C l 4 SC2134 1 2 
Oh26D l 4 
Oh28 2 9 Intermediate 5-6 
Oh56A 2 5 SC1Rl9 1 2 
Oh65 l 2 SClR20 l 2 
Oh84 l 2 SC2-5 1 2 
Oh429 (white) 1 4 SC2-9 l 2 
Oh460 1 4 SC3R3 l 2 
Oh480 1 1 SC3R4 l 2 
Oh509 1 2 SC3R5 1 2 
OhSlO 1 2 SC3R6 l 2 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
south Carolina (cont.) South Carolina (cont.) 
SC3R31 1 2 SC6R4 1 2 
SC114 1 2 SC6R7 1 2 
SC117 1 2 SC6R28 1 2 
SC138 1 2 SC207 1 2 
SC138-l 1 2 SC229MH 1 2 
SC138-7 1 2 SC233 1 2 
SC138-20 1 2 SC246C 1 2 
SC149 1 2 SC246C8 1 2 
SC195G 1 2 SC246C20 1 2 
SC196 1 2 SC246C24 1 2 
SC212K 1 2 SC246C32 1 2 
SC212M 1 2 SC246C33 1 2 
SC213R 1 2 SC254A 1 2 
SC213RR108 1 2 SC270J 1 2 
SC222 1 2 SC270P 1 2 
SC237 1 2 SC272 1 2 
SC245 1 2 SC278D 1 2 
SC246Cl2 1 2 SC278D/7R 1 2 
SC263G 1 2 SC285 1 2 
SC273 1 2 SC287F 1 2 
SC275 1 2 SC299G 1 2 
SC277 1 2 SC301B 1 2 
SC279-4-4 1 2 SC301E 1 2 
SC287Rll 1 2 SC301ED4 1 2 
SC292 1 2 SC336 1 2 
SC301ED1 1 2 SC338 1 2 
SC301W 1 2 SC341 1 2 
SC311A 1 2 SC350 1 2 
SC311C 1 2 SC351 1 2 
SC311E 1 2 SC353 1 2 
SC311Rl2 1 2 SC369 1 2 
SC323A 1 2 SC370 1 2 
SC323C 1 2 SC372 1 2 
SC331 1 2 SC386 1 2 
SC337 1 2 SC388 1 2 
SC354 1 2 SC389 1 2 
SC359 1 2 SC390 1 2 
SC374 1 2 SC392 1 2 
SC375 1 2 SC393 1 2 
SC377 1 2 SC394 1 2 
SC391 1 2 SC395A 1 2 
SC395B 1 2 
Susce2tible 7-8-9 SC396 1 2 
265R 1 2 SC397A 1 2 
SClR 1 2 SC397B 1 2 
sc2-1 1 2 SC398 1 2 
SC2-3 1 2 SC400 1 2 
SC2-4 1 2 SC13828 1 2 
SC2-6 1 2 SC27601 1 2 
SC2-7 1 2 SC27602 1 2 
SC2-8 1 2 
SC2-12 1 2 SOUTH DAKOTA 
SC3R7 1 2 
SC3R9 1 2 Intermediate 5-6 
SC5R4 1 2 SD14 1 4 
SC5R5 1 2 SD102 1 1 
SC5R6 1 2 SD104 1 1 
SC6Rl 1 2 SD105 1 1 
SC6R3 1 2 SD107 1 1 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred tested cations 
South Dakota (cont.) Tennessee (cont.) 
Susce2tible 7-8-9 T494 1 3 
SD10 2 6 T498 2 4 
SD106 1 1 T (NC7 -CI. 7) 1 3 




Tl8 1 1 Resistant 3-4 
Tll2 1 1 Txl48 1 2 
Tl23 2 4 Tx402 3 5 
Tl33 1 2 
T224 1 1 IntermediS!,te 5-6 
Txl27C 2 4 
Intermediate 5-6 Tx203 2 4 
T8 2 6 Tx325 3 5 
T101 1 2 Tx403 2 4 
Tl05 1 2 Tx501 1 2 
T115 5 12 Tx4601 1 2 
Tl35 1 3 
T204 3 6 §usce2tible 7-8-9 
T206 3 6 Tx61Ml 2 4 
T216 2 4 Txl73D 2 4 
T218 3 6 Tx303 2 4 
T222 1 1 Tx401 2 4 
T232 1 1 Tx454 1 2 
T315 2 4 Tx461 1 2 
T355 1 2 Tx601 2 3 
T452 1 2 Tx602 2 4 
T458 1 3 
VIRGINIA 
Susce2tible 7-8-9 
Tl3 2 4 Resistant 3-4 
T96 1 1 Va27 1 2 
Tlll 5 12 Va35 2 4 
Tll3 1 2 Va36 1 2 
Tl25 1 3 Vall 1 2 
Tl31 2 4 Va89 1 2 
Tl37 1 3 
Tl39 1 3 J;nte~di1te 5-6 
T210 2 4 Val2C 1 2 
T220 3 6 Val7 1 2 
T228 1 3 Va35c 1 2 
T230 1 3 Va36a 1 2 
T311 1 3 Va36c 1 2 
T331 2 4 Va41 1 2 
T333 1 3 Va44 1 2 
T337 1 2 Va84 1 2 
T357 2 4 Va85 1 2 
T391 1 2 
T393 2 4 §usce2tible 7-8-9 
T399 1 2 Val2 1 2 
T416 2 4 Val6 1 2 
T432 2 4 Val7b 1 2 
T434 1 2 Va31 1 2 
T474 2 4 Va32 1 2 
T490 2 4 Va55 1 2 
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No. of Total No. of Total 
Rating years repli- Rating years repli-
Inbred tested cations Inbred t ested cations 
WISCONSIN Wisconsin (cont.) 
Resistant 3-4 Wll2 5 12 
W20 l l Wll7 2 5 
W22-4-B l l Wl30 l 4 
W22CI-B l 4 Wl36 l l 
W22CI-D l 4 Wl36A l 2 
W40B l l Wl53R 2 5 
Wl61BR-3 l 2 Wl82B 2 3 
W208B l 4 Wl82C l l 
W210D l l Wl82D 2 4 
W283 l 4 Wl82E l 2 
WR3 2 2 W204A l 4 
W206E l 4 
Intermediate 5-6 W214 l l 
W8 l l W218 l l 
W9 2 4 W224 l l 
WlO 5 11 W228 l l 
Wl6 l l W236 l l 
Wl7 l l W238 l 4 
W22 11 128 W240A l l 
W22R 9 36 W240B l l 
W22RB l 2 W250A l 4 
W23 7 16 W256 l l 
W41A l 3 W260 l l 
W59M 2 4 W262 l l 
Wl44 2 3 W268 l l 
Wl46 l 6 W270 l l 
Wl58 6 16 W272B l 4 
W206B 3 10 W276 l l 
W206D 5 15 W278A l l 
W212A l 4 W282 l l 
W216A 2 5 w-A375 l l 
W258 l l W-A-CI l 4 
W274 1 1 
W280 1 l ~mxc sTOCKS 
W286 l 4 
W290 1 1 Ris!!l~ resistant 1-2 
W374R2 l 3 yg2 3767 5 9 
W729C 1 2 
WM13R 2 3 Resistant 3 -4 
gl7vfe 3 10 
Susce2tible 7-8-9 jl 3 63 5 9 
CC18 l 3 Lg3glg 3725 5 9 
Wl7CI-A l 4 p 371 5 9 
Wl7CI-B l 4 Tu 3737 5 9 
Wl7CI-C l 4 
W24 2 5 lnt~~diate 5-6 
W25 1 1 ij 3759 5 9 
W26 l l 
W37A 5 9 Susce2tible 7-8-9 
W38 6 18 bm1 3743 5 9 
W56 l 4 Ch 3721 5 9 
W59E l 3 g 3771 5 9 
W62 3 4 Lg3glg 3727 5 9 
W64A 5 10 Og 37 9 5 9 
W64AR 1 2 p 3713 5 9 
W68 :2 3 pb 3757 5 9 
W74 l l Tp 3761 5 9 
Wl02 l l 
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Footnotes to Table 1. 
aLeaf feeding was rated in classes 1 to 9 (classes 1-2 ~ highly resistant, 
classes 3-4 = resistant, classes 5-6 = intermediate, classes 7-8-9 = 
susceptible). 
bB52 is highly resistant to sheath feeding (2nd brood). 
cg17v17 was used in Iowa. All other genetic stock inbreds were used in 
.Ohio. 
Iowa Corn Borer Synthetic No. 5. This synthetic was developed after 
3 cycles of recurrent selection in Iowa Synthetic B for resistance to leaf 
feeding by the European corn borer. 
Iowa Corn Borer Synthetic No. 6. This synthetic w as developed after 
3 cycles of recurrent selection in Pennsylvania Early Synthetic for re -
sistance to leaf feeding by the European corn borer. 
Iowa Corn Borer Synthetic No. 7. This synthetic w as developed after 
3 cycles of recurrent selection in Pennsylvania Intermediate Synthetic 
for resistance to leaf feeding by the European corn borer. 
Iowa Corn Borer Synthetic No. 8. This synthetic was developed after 
3 cycles of recurrent selection in Pennsylvania Late Synthetic for res is -
tance to leaf feeding by the European corn borer . 
Iowa Corn Borer Synthetic No. 9 . This synthetic w as developed by 
recombining Iowa Corn Borer Synthetics No. 6, 7, and 8. 
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CLIMATOLOGY OF A MOISTURE-STRESS INDEX FOR IOWA 
AND ITS RELATIONSHIP TO CORN YIELDS 1 
R.H. Shaw and R. E. Felch2 
ABSTRACT. The climatology of moisture stress in Iowa is presented 
and discussed. This information was based on a record of soil moisture 
for the state since 1954. The probability of various degrees of moisture 
stress occurring at various locations across the state are presented. 
The relationship between the moisture stress index and actual corn 
yields is discussed. With data from 10 different stations, it was found 
that the relationship between yield and moisture stress could be described 
by three regressions. M-C relations in northwestern Iowa were ex-
plained by one equation. All other M-C sites and all C -C sites were 
separated into two groups depending upon the yield level when no stress 
occurred. 
Knowledge of weather effects upon corn yields is essential for proper 
management planning. A procedure that allows for quantitative evalua-
tion of weather effects would be very useful for effective economic plan-
ning. To make the proper decision, two facts need to be known: a) the 
climatological probability of an event occurring and, b) the effect of that 
event upon yield if the event does occur. 
In an earlier paper, Dale ( 1968) presented the climatology of non-
moisture stress days for 4 stations in Iowa. In his study, a day was 
considered either as a stress day or a nonstress day. The criterion 
used was whether or not actual evapotranspiration equaled potential 
evapotranspiration, No consideration was given to the degree of inten-
sity of the stress. Corsi and Shaw (1971) have shown that an index that 
does consider the degree of stress for each day is more highly corre- · 
lated with crop yields. This paper presents data for. such an index, both ·· 
the climatology of the data for 22 stations and the yield relationships for 
10 stations. Daily values of the index were summed for the 66-day 
period June 27 through Aug. 31, and were examined for corn following 
corn (C -C) and corn following meadow (M-C). 
DAT A AND PROCEDURES 
The data have been developed from a soil-rnoisture, survey program 
started in 1954. The soil moisture sites represent "typical" soils for 
different parts of the state. These sites have been located in relatively 
1 Journal Paper No. J -6926 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1608, a contributing pro-
ject to North Central Regional Project NC - 71. 
2 Professor, Agricultural Climatology, and Extension Agronomist, 
Agronomy Department, Iowa State University. 
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level areas, or near the top of ridges , but never where runoff water 
could run onto the area and accumulate . At most locations , a specific 
area was not available solely for soil moisture sites . The sampling 
locations used were other available areas. For most locations, this re -
sulted in 3 to 5 different plots being used . The 22 locations for which 
data are presented are shown in Figure 1. Detailed descriptions of the 
locations are given in Corsi3 • 
URG 
~""·a 
MARSH LL TOWN 
0 
K OXVILL 
Figure 1. Location of soil moisture sites used in study. 
The stress index used, compares the supply of water (soil moisture) 
with the atmospheric demand for water (Class A, pan evaporation) for 
each day of the 66-day period, June 27 through Aug. 31. With this index, 
it is assumed that yield reduction is proportional to the percentage re -
duction in evapotranspiration (ET), below the potential evapotranspiration 
rate (PET) that would occur if no stress occurred (STRS = 1. 0 - ET / PET). 
If ET equals PET the stress index is zero (1. 0 - 1. 0 = 0). If ET /PET is 
O. 30, the stress index is 1. 0 - O. 3 = O. 70. The index can have values 
ranging from O. 0 (no stress) to 1. 0 (extreme stress) . Corsi and Shaw 
(1971) tested 4 different stress indices and found this index to be the 
most highly correlated with yield. Details for computing the index are 
given in Dale and Hartley (1963) and Corsi and Shaw (1971). The data 
presented for each location are the sums of the index for the 66-day 
period for each year that data are a v ailable. Data before June 27 and 
after Aug. 31 are not considered in this index. 
3 Walter C. Corsi. 1969. 
moisture ~tress in Iowa. 
sity Library, Ames. 
Comparison of different indices for evaluating 
Unpublished M. S. thesis. Iowa State Univer -
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Ten stations were used for relating corn yields to the stress index. 
These stations cover most of Iowa, but only two of the 10 stations were 
in eastern Iowa. These 10 stations (in order by Crop Reporting Districts) 
are Doon (Moody Experimental Farm), Sutherland (Galva-Primghar 
Experimental Farm), Kanawha (Northern Iowa Experimental Farm), 
Independence (Carrington-Clyde Experimental Farm), Castana (Western 
Iowa Experimental Farm), Ames (Agronomy Farm), Marshalltown 
(Ottillie Seed Farm), Norwich (Soil Conservation Experimental Farm), 
Beaconsfield (Shelby -Grundy Experimental Farm), and Bloomfield 
(Southern Iowa Experimental Farm). Details of the site locations and 
yield data used are given in Corsi3 and Corsi and Shaw (1971). The tests 
used for determining significance between different regression lines are 
those presented in Ostle (1966). 
RESULTS AND DISCUSSION 
Climatology of the Stress Index 
The average indices for the 66-day period for the different locations 




Figure 2. Average stress index (June 27-Aug. 31) for corn-corn for 
locations in Iowa for the period 1954-1970. 
the periods of record and other summary information are given in Table 
1. The average stress index for corn-corr;. has ranged from near 6. 5 in 
east-central Iowa to over 24 in northwestern Iowa. The highest average 
stress indices for C-C and M-C have occurred at LeMars, with values 
of 24. 4 and 29. 5, respectively. Doon had an average index of 27. 5 for 




Table 1. Stress index summary for corn following corn. 
---
{f yrs. No. years greater than 
Location Record Mean Driest Wettest 10 20 30 
Doon 15 22.3 55.6 1970 4.3 1957 10 8 3 
LeMars 14 24.4 42.l 1964 10 .6 1962 14 7 5 
Sutherland 17 23.l 48.8 1968 2.7 1962 13 8 4 
Estherville 12 14.8 32 .o 1959 . 8 1963 8 4 1 
Stormlake-Newell 12 14.9 34.5 1968 1.3 1969 7 4 1 (/1 
Kanawha 17 11. 7 29.4 1955 1.0 1968 8 4 0 ~ 
Blairsburg 12 10.2 23.9 1959 1.2 1961 6 2 0 ~ ~ Elkader 15 9.4 24.9 1956 .2 1960 6 2 0 Ill 
Independence 17 7 .2 21. 7 1955 .1 1960 6 2 0 ::l 
Castana 17 16.4 43.7 1956 2 . 9 1960 10 4 4 
p.. 
Denison 15 13. 7 49. 7 1970 . 4 1958 7 2 2 ~ M 
Ames 17 12.1 53.0 1956 .9 1958 9 2 1 t-< 
Marshalltown 17 8.0 28.5 1~55 .6 1958 5 2 0 0 
Cedar Rapids 17 6.7 29.8 1957 .4 1961 3 1 0 ~ 
Williamsburg 14 6.4 30 . 2 1957 .4 1969 2 1 1 
Norwich-Shenandoah 17 15.8 49. 3 1958 .6 1958 9 5 3 
Beaconsfield 17 13.4 38.6 1955 . 4 1961 6 5 2 
Knoxville 14 9.6 15.6 1968 • 7 1961 3 0 0 
Albia* 14 16.1 40.7 1956 .4 1958 7 6 3 
Bloomfield 17 12.1 28.3 1963 .1 1958 11 3 0 
Burlington-Col. J. 15 8.2 27.9 1964 .1 1958 5 2 0 
*Record ends in 1967. 
TABLE 2. STRESS INDEX VALUES FOR CORN FOLLOWING CORN (C-C) 
AND CORN FOLLOWING MEADOW (M-C) FOR 22 STATIONS 
IN IOWA. 
NORTHWEST NORTH CENTRAL NORTHEAST 
~ 
OOON LE MARS ESTHERVILLE SUTHERLAND STORM LAKE- KANAWHA BLAIRSBURG ELKADER INDEPENDENCE M 
NEWELL ~ 
Year cc MC cc MC cc cc MC cc MC cc MC cc cc MC cc MC f-3 ~ 
1954 17.1 
--
9 . 8 11.5 3.9 3.4 M 
1955 37.1 
--
29.4 29.4 21. 7 27.3 ~ 
1956 29.0 29.5 46.8 
--
20.6 20.6 24.9 31.5 20.9 18.5 M 
1957 4.3 19.1 11.6 23.3 7.2 21.6 21.6 7.9 21.9 2.1 2.1 17.2 14.5 fTj 
1958 33.0 31.7 18.9 40.0 26.0 28.3 28.3 17.3 17.3 2.9 8.4 0.3 0.3 fTj M 1959 26.3 26.3 32.2 35.9 32.0 20.5 20.5 24.2 24.2 22.7 22.7 23.9 17.7 2.6 2.5 1. 7 n 
1960 7.9 10.2 18.1 18.1 10.3 7.8 7.8 2.6 2.6 17.3 11.5 12.9 0.2 0.2 0.1 0.1 f-3 
1961 14.6 26.0 25.9 38 .3 21.0 15.2 11.1 6.8 6.8 12.4 13.5 1.2 0.9 0.9 0.7 0.7 C/l 
1962 8.0 11.1 10.6 13.7 4.6 2.7 2.7 3.2 3.2 1.3 1.3 2.6 0.8 0.8 0.8 0.8 0 
1963 24.7 37 .5 39.0 39.0 0.8 17.0 17.0 10.5 10.5 3.8 3.8 7.7 14.0 14.0 10.1 10.1 z 
1964 16 .5 15.0 42.l 42.1 
--
25.0 23.9 18.3 18.3 7.0 7.0 11.2 15.4 39.2 11.2 13.9 n 
1965 12 .8 19.5 22.7 32.0 
--
25.7 19 .9 17.1 37.9 5.1 5.1 10.8 23.8 23.8 11. 7 6.7 0 
1966 25.7 34.8 16.6 16.6 14.8 9.4 15.8 ·- 29.1 29.1 11.4 11.4 10.9 6.0 6.0 4.3 4.3 ~ 
1967 21.8 39 .1 12.5 12.5 13.9 34.0 38.7 7.5 14-.3 9.0 9.0 7.1 15.4 15.1 2.2 2.2 z 
l968 48.1 48.1 40.2 40.2 13. 3 48.8 48.8 24.1 3.5 1.0 1.0 9.0 1.1 1.1 0.6 0.6 ...::: H 
1969 5.5 5.5 11.3 11.3 7.4 6.4 6.4 1.3 6.5 2.8 2.8 1.3 4.9 4.9 4.3 4.3 M 
1970 55.6 59.2 39. 7 50.0 26.7 29.8 54.0 34.5 50.9 20.1 20.1 23.7 10.2 10.2 9.4 9.4 l' 
tl 







TABLE 2. Continued 
WEST CENTRAL CENTRAL EAST CENTRAL SOUTHWEST 
CASTANA DENISON AMES 
MC1 
MARSHALLTOWN CEDA.R RAPIDS WILLIAMSBURG NORWICH-SHENANDOAH 
Year cc MC cc MC cc cc cc MC2 cc MC 
1954 11.3 11.3 16.8 16.8 14.7 14.7 7.8 6.4 24.0 28.3 
1955 42.2 42.2 -- -- 24.4 24.4 28.5 23.2 29.8 38.3 
1956 43.7 43.7 -- -- 53.0 53.0 25.1 7.2 35.1 35.1 
1957 13.8 13.8 19.3 19.3 5.2 5.2 3.4 29.8 30.2 14.1 18.9 
1958 3.2 1.1 0.4 3.2 0.9 0.9 0.2 1.9 3.5 0.6 0.6 CJ) 
1959 17.5 17.5 13.2 13.3 12.2 12.2 8.7 2.0 10.4 2.5 2.5 ::r: 
1960 2.9 2.9 1.8 1.8 3.6 3.6 3.1 4.0 1.62 4.1 4.1 > 
1961 6.0 6.7 12.8 10.4 2.8 2.8 0.6 0.4 0.82 9.7 9.7 ~ 
1962 6.2 6.2 5.9 5.9 8.5 8.5 1.9 2.2 0.8 11.2 11.2 Pl ~ 
1963 3.4 3.8 8.9 14.2 5.5 5.5 3.4 8.0 4.4 6.6 8.3 0.. 
1964 7.9 7.9 7.7 7.8 7.0 7.0 5.0 10.2 17.2 11. 3 11.3 f-xj 
1965 12.3 17.4 6.6 7.3 13.2 13.2 6.1 1.3 2.02 4.2 6.0 M 
1966 10.5 10.5 7 .4 11.0 14.8 14.8 11.6 8.6 1.92 8.3 8.3 t"' 0 
1967 14.2 14.2 11.0 17.7 9.4 9.4 7.1 3.1 3.1 12.2 12.2 ::r: 
1968 36. 7 36. 7 38.8 38.8 10.3 10.3 10. 7 3.8 9.6 49 .3 49 .3 
1969 5.7 5.7 5.1 9.1 5.2 5.2 2.0 1.1 0.4 4.3 4.3 
1970 41.6 52.3 49.7 54.2 15.2 15.2 11.1 1.1 3.3 41.6 34.6 
Ave. 16.4 17.3 13.7 15.4 12.1 12.l 8.0 6.7 6.4 15.8 16.6 
1 In some years meadow estimated same as corn because of poor meadow site. 
2 CC in years designated. 
TABLE 2. Continued 
SOUTH CENTRAL 
BEACONSFIELD ALBIA KNOXVILLE 
illL cc MC cc MC cc 
1954 36.8 25.5 34.0 31.8 
1955 38.6 34.1 30.5 20.3 
1956 9.4 8.6 40. 7 40. 7 
1957 25.7 28.9 21. 7 21. 7 14.9 
1958 4.5 4.5 0.4 0.4 3.5 
1959 1.9 1.9 5.4 5.4 9.3 
1960 2.8 2.8 4.7 4.7 2.6 
1961 0.4 0.4 2.9 2.9 0.7 
1962 7.9 7.8 6.7 6.7 8.0 
1963 12.6 16 .1 24.0 24.0 6.8 
1964 6.4 7.8 27.4 27.4 10.3 
1965 5.7 5.7 9.7 6.3 6.0 
1966 1.3 1.8 6.8 6.8 6.3 
1967 9.2 10.0 11.1 10.2 9.2 
1968 28.9 28.9 
-- --
15.6 
1969 7.5 8.1 
-- --
1.6 
1970 28.8 41.0 
-- --
15.0 
Ave. 13.4 13.8 16 .1 15.0 7.9 
SOUTHEAST 
BLOOMFIELD DONNELLSON 
cc MC cc MC 
13.3 12 .4 
22.3 22.3 
25.4 25.4 
14.6 14.6 5.8 5.8 
0.1 0.1 0.4 0.4 
3.2 3.2 11.4 11.4 
5.2 5.2 5.9 5.9 
10.2 10.2 4.4 4.4 
4.2 4.1 9.3 9.3 
28.3 36.9 16.0 16.0 
14.8 25.0 18.8 18.8 
12.7 12.7 ' 6.4 11.0 
11.1 12.2 23.5 30.9 
11.4 18.8 1.8 1.8 
16.4 16 .4 9.4 9.4 
2.8 2.8 2.7 2.7 
9.1 16.2 10.7 10.7 
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locations, there was little difference in the yearly indices for C-C vs. 
M-C, and, thus, little difference in the average. The index values for 
each year at each location for C -C and M-C are given in Table 2. 
In individual years, the index has ranged from a low of less than 1 at 
many stations to a high of 55.6 for C-C and 59.2 for M-C, both at Doon 
in 1970. 
At low values of the stress index (less than 10) management practices 
are dominant in determining the yield variation from year to year. As 
the stress index increases, moisture stress is believed to become in-
creasingly important in determining year -to-year yield variations. 
Figures 3, 4, and 5 were drawn with that in mind. Figure 3 shows that, 
in eastern Iowa during the period of record, from 6 to 8 years of 10 will 
have an index of less than 1 O; dry weather has had a relatively small 
effect on yield. In northwestern Iowa, from 4 years of 10 to none at 
LeMars has had this low index value. Indices of 10 to 20 indicate that 
stress is becoming more important, with management still causing major 
variations in yield from year to year. The chances of having a stress 
index of 20 or more is less than 1 in 10 in southeastern Iowa to more 
than 5 in 10 in northwestern Iowa (Figure 4). With an index of 30 or 
higher, dry weather is the dominant factor in reducing the yield. The 
probability of an index higher than 30 is near 0 in eastern Iowa and as 
high as . 3 years in 10 in northwestern Iowa (Figure 5). 
Distribution of Index 
The distribution of the index for selected stations are shown in Figure 
6. In the western part of the state, the distribution seems bimodal; i.e., 
moisture stress patterns tend to produce either a relatively low index or 
a relatively high index. The high index would indicate a persistence of 
dry weather. The number of years of available data are too few to pro-
vide a statistical evaluation of this behavior of the data. 
Relation of Stress Index to Corn Yields 
A visual examination of the regressions of yield on the stress index 
indicated that many of the locations had very similar regression lines 
for C-C and M-C. A test for all sites where the comparison could be 
made showed no significant differences between the regression lines for 
C -C and M-C at a site. Further tests showed that all the locations could 
be represented by three regression lines. These are shown in Figure 7. 
Although the regression for Doon (M-C) was not different from Doon (C-C), 
it was different from the other locations. The decision was made to 
calculate the regression for Doon (M-C) by its elf and combine Doon (C -C) 
with one of the other groups. Doon (M-C) had an average index 5 units 
higher than any other index used in the yield-relation analysis. The 
higher index would indicate either higher daily indices or that more con-
secutive days with stress occurred for corn following meadow. More 
consecutive days would give less chance for recovery between days of 
stress and a greater yield reduction. This same argument could apply 
for individual years at other locations if high stress occurred. Other 
locations were all combined into two groups, however, within which the 
individual regression lines were not statistically different. The high-
yielding sites (at no stress) that were combined into one group were: 
WEATHER EFFECTS ON CORN YIELDS 
/ 4 JN 10 2JN10 ~;::-----r,~:-;~:::o::::-""'"""'~__,.---J.,__ __ ...---_,..----=::::-::---i-::::::U:::~~~ 
\ \ 
6 JN lO 6 
365 
Figure 3, Probability of receiving a stress index of 10 or less for corn-
corn. 
Figure 4. Probability of receiving a stress index greater than 20 for 
corn-corn. 
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2 IN 10 1 IN 10 
Figure 5. Probability of receiving a stress index greater than 30 for 
corn-corn. 
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Figure 6. Frequency distribution of stress indices at 6 locations. 
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Figure 7. Regression relationships for stress versus yield for M-C in 
northwest Iowa (Group I), high yield sites (Group II) and 
moderate yield sites (Group III). 
Doon (C -C ), Sutherland (C-C and M-C), Kanawha (C-C and M-C), Ames 
(C -C and M-C), Marshalltown (C-C), and Norwich (C-C and M-C). These 
are indicated by Group II on the figure. This line should represent high-
yielding sites in Iowa, with the exception of M-C in northwestern Iowa, 
The group of lower -yielding stations combined were: Independence (C -C 
and M-C), Castana (C-C and M-C), Beaconsfield (C -C and soil-moisture 
site, a combination of C-C and M-C), and Bloomfield (C-C and M-C). 
Of these sites, Bloomfield (C-C) and Independence (C-C) did not show a 
significant relation with yield. This lack of significance was due to .a 
lack of any high stress values, The decision for combining these with 
Group III was that, if any high stress did occur, it probably would affect 
yield in the same manner as at the other stations in that group. Physio-
logically, this is a sound argument. Yield reductions per unit of stress 
in Group III were less because of a lower base yield at low stress. 
Group III should represent moderate-yielding sites in Iowa. 
The regression lines for the three groups were: 
Group I - Doon (M-C) Y 
Group II - (high yield level) Y 




194. 5 x, r = -0. 93 
135~- 3 x, r = -0. 83 
97. 1 x, r = -0. 64 
where yield is expressed in Kg/ha (bu/acre = 62. 8 Kg/ha)~ 
These regression lines can be used to estimate the yield reduction 
due to moisture stress in the various areas of the state. 
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RELATION OF CALCIUM NUTRITION AND BACTERIAL POPULATIONS 
ON SOYBEAN ROOTS TO LEAF CHLOROSIS 1 
Antonio Garza, J.M. Dunleavy and J. J. Hanway2 
ABSTRACT. Soybean plants of Ford and Chief varieties were grown in 
complete nutrient solutions adjusted to contain high (320 ppm) and low 
(40 ppm) concentrations of Ca (as Cl). None of the Chief plants developed 
chlorotic leaves, but the leaves of Ford plants became either slightly 
chlorotic in the low Ca solution or severely chlorotic in the high Ca solu-
tion. Chlorosis was most severe on the lower leaves of Ford plants 
grown in the solutions high in Ca. 
The experiment was repeated with the same Ca concentrations, but 
using Ca(N03)z instead of CaC12 • Ford plants were better developed than 
Chief plants grown in solutions low in Ca, and there were more bacteria 
on the roots of Ford plants. When these varieties were grown in solu-
tions high in Ca, Chief plants were better developed than Ford. Bae -
terial populations of roots of both varieties were greater, but the Ford 
roots had twice the bacterial population of Chief roots. 
Bacillus subtilis and Zoogloea ramigera were the bacteria most com-
monly found in nutrient solutions and on soybean roots. 
Howell and Bernard (7) categorized 44 soybean (Glycine max (L.) 
Merr.) varieties according to tolerance to phosphorus (P). They con-
sidered discoloration (necrosis) of the tissues to be physiological re-
sponse of soybeans to high concentrations of P. Dunleavy et al. (3, 4) 
reported the relation between high populations of Bacillus rubtilis (Cohn) 
Praz. in soybean plants and sensitivity of plants to high P~ntrations 
in the nutrient solution. 
During an investigation of the effect of calcium (Ca) on damping-off of 
soybean seedlings (1), we observed a differential response of soybean 
varieties to high concentrations of Ca similar to that described by Howell 
and Bernard (7). We began this study to investigate the role of Ca in 
1 Joint contribution: Paper No. 546 of the U.S. Regional Soybean Labora-
tory, Crops Research Division, Agricultural Research Service, U.S. 
Department of Agriculture, and Journal Paper No. J -5859 of the Iowa 
Agriculture and Home Economics Experiment Station, Ames, Iowa, 
50010. Project No. 1179. 
Portion of a Ph.D. thesis by the senior author. Grateful acknowl-
edgment is given to Campbell Soup Company who granted the scholarship 
to enable the senior author to study at Iowa State University. 
2 Former Graduate Student; Professor of Plant Pathology, Department 
of Botany and Plant Pathology, Iowa State University, and Plant Patholo -
gist, Crops Research Division, Agricultural Research Service, U.S. 
Department of Agriculture; and Professor of Soils, Department of Agron-
omy, Iowa State University, respectively. 
370 GARZA, DUNLEAVY and HANWAY 
differential production of chlorotic symptoms in leaves of soybean 
varieties, and to determine if the number of bacterial cells on roots and 
in a nutrient solution, influenced chlorosis of leaves. 
Materials and Methods 
Two soybean varieties, Ford and Chief, were grown in nutrient solu-
tion cultures. The nutrient solution used was a modification of the 
solution suggested by Moser (8) . A stock solution of minor elements, as 
recommended by Hoagland and Arnon (5), was added to each liter of 
nutrient solution at the rate of 1 ml / liter. Iron was supplied as diethyl-
enetriamine pentaacetic acid at a concentration of 3 mg/liter. The solu-
tion was modified by using different concentrations of CaC12 , Ca(N0 3) 2 , 
KH 2P04 , or NaCl. 
Seeds were sown in sterilized vermiculite and irrigated with tap 
water. Individual seedlings were rinsed in distilled water and trans -
£erred to nutrient solutions when the cotyledons started to expand. The 
seedlings were suspended in plastic tubes supported by a sheet of hard-
ware cloth covered with aluminum foil. Nutrient solution level in 1 gal 
glazed crocks was maintained by adding alternately, every other day, 
distilled water or nutrient solution. 
Plants received 15 hours of supplemented light each day. Greenhouse 
temperatures ranged from 21 to 24 °C at night and from 27 to 30 °C during 
the day. 
Most experiments were completed in 3 or 4 weeks. Leaf symptoms 
on the unifoliate and first and second trifoliolate leaves were rated from 
to 5 as follows: 
1 = healthy leaf 
2 = veinal necrosis, light chlorosis, or both 
3 approximately half of the leaf chlorotic or necrotic 
4 = approximately three -fourths of the leaf chlorotic or necrotic 
5 = entire leaf chlorotic or necrotic. 
Dry weights of tops (aerial portion of plants) and roots were obtained 
by weighing the respective plant part after drying for 7 2 hr in an oven at 
l00°C. 
Bacterial populations in nutrient solutions and of roots were deter -
mined at the completion of each experiment by the dilution plate tech-
nique. Nutrient solutions were sampled by obtaining 0. 05 ml of solution 
in a pipette. Root samples were obtained by crushing a 1 cm segment 
of the primary root of uniform cross -section in sterile, distilled water, 
and by using O. 05 ml of this suspension. Bacterial populations were 
determined in thousands of cells per ml of sample. All populations de -
terminations were replicated 16 times. The pH of the nutrient solutions 
was determined when first prepared and at the end of the experiments. 
Determination of percentage of nitrogen (N), phosphorus (P), and 
potassium (K) was made by digestion of O. 50 g oven-dry samples on a 
hot plate in the presence of H2S04 in a volumetric flask for 1 hr beyond 
the time the solution became colorless. After cooling, the solution was 
brought to volume by addition of ammonia-free water. N was determined 
by the micro-Kjeldahl method. A boric acid indicator solution was added 
to an aliquot in a colorimeter in the presence of added vanadomolybdate 
solution. K was determined on an aliquot of the solution with a flame 
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photometer by using lithium as an internal standard. All results are 
reported as percentage of the total N, P, and K in the plant part on an 
oven -dry bas is. 
Results 
Effects of low and high Ca as Ca(N0 3)z. Leaves on Ford plants grown 
in a nutrient solution high in Ca (320 ppm) were chlorotic, No symptoms 
occurred on Chief plants in any of the treatments. Unifoliate leaves on 
Ford plants grown in a solution low in Ca (40 ppm) were _slightly chlor -
otic, but the first trifoliolate leaves on these plants were symptomless 
(Table 1). 
Ford plants were slightly taller than Chief plants, but the differences 
in plant height resulting from varying the Ca concentration were very 
small. Chief plants grown in nutrient solutions high in Ga had longer 
roots, greate r dry weight of roots, lower disease rating of leaves, and 
lower bacterial populations in both nutrient solutions and roots than did 
Ford (Table 1). 
Effects of low and high Ca as CaC12 • Calcium chloride was substi-
tuted for Ca(N0 3)z, and the experiment was repeated to determine if the 
nitrate was influencing results. Results obtained were similar to those 
obtained when Ca(N0 3)z was used (Table 1). 
The plant tops and roots were tested for N, P, and K content. The N 
content of tops of Chief plants was higher than that of Ford plants. The 
N content of tops of plants grown in high or low concentrations of Ca 
differed little and the N content of roots of all treatments also differed 
little (Table 2). 
The P content in tops of Ford was greater than in Chief,and Ford 
plants grown in solutions containing high Ca contained more P than 
plants grown in low Ca solutions. Ford roots had a higher P content 
than the Chief roots, but the differences in P content between the other 
root treatments were minor (Table 2). 
Ford and Chief plants did not differ in K content of tops, but plants 
grown in low Ca solutions had a higher K content than plants grown in 
high Ca solutions. The K content of roots of the two varieties were 
similar in all treatments. 
Identification of bacteria. Two species of bacteria were consistently 
isolated from roots of Ford and Chief soybean plants gro':'."Il in the high 
Ca nutrient solution. Bacillus subtilis populations were about 15 times 
as great as those of Zoogloea r~a (Itzig.) Bloch. The latter bac -
terium is commonly found in decomposing plant materials, sewage, and 
is especially common in the floes formed in the activated sludge process 
of purifying sewage. It rapidly oxidizes decomposing plant material and 
grows best in aerated liquid media (2). 
Discussion 
Many beneficial effects to soils and plants have been attributed to Ca; 
however, high Ca nutrition in this particular study upset the normal 
growth of Ford soybean plants. Bacterial populations increased in the 
nutrient solutions and on the roots, with subsequent development of 
chlorosis in leaves of Ford soybeans. Different leaf symptoms were 
obtained by Howell (6) with nutrient solutions containing high P. Later, 
Table 1. Mean!!1 plant height, root length, dry weight, disease rating, and bacterial populations of 
Ford and Chief soybeans grown in nutrient solutions in which salts and concentrations of 
























































































~ Data are means of three replications for Ca(N03)2 and four replications for CaCl2, five plants 
per replication. 
JI Unifoliate leaves rated from 1 (healthy) to 5 (completely chlorotic or necrotic). 
El Mean of nine samples for Ca(N03) 2 and 15 samples for CaCl2. 
E.f Each root sample consisted of a 1 cm segment of primary root of uniform cross-section crushed in 
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Table 2. Percentage of N, P, and K in tops and roots of Ford and Chief 
soybeans grown in nutrient solutions containing 40 and 320 ppm 
Ca as CaC12 • 
Tops Roots 
Ca concentration of nutrient solution (ppm) 
40 320 40 320 
% % % % 
Nitrogen 
Ford 3.89 4.44 3.48 2. 96 
Chief 5.05 5.08 3. 15 2.98 
Phosphorus 
Ford 2.26 2.86 3.62 4. 13 
Chief 1. 04 1. 14 2.04 2.06 
Potassium 
Ford 7.65 6.53 9.33 8.70 
Chief 7.95 6.45 7.83 8.50 
Dunleavy (3, 4) demonstrated a relationship between high P nutrition in 
soybean plants and the presence of the bacterium B. subtilis on roots. 
Because B. subtilis was also associated with soyb~an roots and nutrient 
solutions used in this study, it is probable that the same phenomenon 
reported by Dunleavy was observed in this study. High bacterial popu-
lations on the roots of Ford plants grown in solutions containing high Ca 
indicate that the bacteria are involved in production of symptoms. That 
Chief did not develop symptoms and grew normally under high Ca nutri-
tion reinforced the idea that bacteria upset normal growth of Ford plants. 
Plant absorption of other elements is often influenced by Ca. The 
accumulation of K and Br was demonstrated by Viets (10) to be acceler -
ated by Ca and other metals. The uptake of K was either depressed or 
stimulated by Ca according to Overstreet (9). The uptake of K was not 
affected in this study. The susceptible Ford plants grown in high Ca 
solution, however, contained more P and less N than the resistant Chief 
plants. These results are in agreement with those of Dunleavy (4) who 
reported less N and more P in tops of susceptible plants grown in nutri-
ent solution high in P (100 ppm). The concentration of Ca in their solu-
tions was 67 ppm. It thus appears that symptom production in suscepti-
ble soybean variaties is more the result of imbalanced nutrient solutions 
than the result of increased concentrations of specific nutrients. 
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ABSTRACT. Comparative diatom population counts from seven rivers on the 
same day show a total of 71 taxa in the plankton samples containing 
benthic, epiphytic and lake forms as well as planktonic species. 
INTRODUCTION 
The study concerns plankton samples taken from seven Iowa rivers 
with a number 20 Bolting net on July 31, 1970. The sample points for the 
seven rivers are: 
A. Raccoon River, Buena Vista County, Sec. 33, R36W, T92N; 
B. Big Cedar Creek, West Branch, Pocahontas County, Sec. 1, R34W, 
T91N; 
C. Little Lizard Creek, Middle Branch, Pocahontas County, Sec. 31, 
R32W, T92N; 
D. West Fork Des Moines River, Humboldt County, Sec. 31, R29W, 
T92N; 
F. Iowa River, Wright County, Sec. 32, R23W, T92N; 
G. Cedar River, West Branch, Butler County, Sec. 27, Rl8W, T92N. 
Sample sites for six of the rivers are located in the Clarion-Nicollet-
Webster soil association. The Cedar River sample site is located in 
the very flat part of the Kenyon-Nicollet-Webster soil association. 
Observation 
Plankton taxa were dominant in Little Lizard Creek, the West Fork 
of the Des Moines River, the Iowa River and the West Branch of the Cedar 
River. Thalassiosira fluviatilis, was found in the Little Lizard and 
represents 6.7% of the counted taxa. Stephanodiscus astraea var. 
minutula represented 15.3% of the count in the West Fork of the Des 
Moines River. Melosira granulata was abundant in the Des Moines 
branches and the Cedar River. The naviculoid diatoms were generally 
well represented, as for instance, Navicula pupula var. capitata in 
Big Cedar Creek, Navicula lanceolata in Little Lizard Creek, and 
Navicula cuspidata in the Cedar River. Navicula radiosa, while present 
in most counts, was most extensive in the East Fork of the Des Moines 
River. Nitzschia sp. was dominant in the Raccoon River and Big Cedar 
Creek with only small populations being found in the other rivers. 
Nitzschia amphibia made up over one-fourth of the count of Big Cedar 
Creek and Gomphonema sp. was 13% of that count. 
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Table 1. Diatom taxa counted. 




Achnanthes lanceolata (Br~q )Grun. * 
~· sp. ~ 
Amphiprora ornata Bailey * 
Amphora ovalis Kutz. 
Anomoeon~haerophora (Ehr.) 
Pfitzer 
Caloneis ventricosa (Ehr . ) Meist. 
Campylodiscus noricus Ehr. 
Cocconeis plac~var. lineata 

















Cyclotel la meneghiniana Kutz. >'< 14% 28.5% 
* 
Cyrnatopleura elliptica (Br~b. ) 
Wm. Smith >'( 
c. solea (Breb. ) Wm. Smith * 
C. solea var. apiculata (Wm . Smith) 
Ralfs 
f· solea var. regula (Ehr. ) Grun. 
Cyrnbella sinuata Greg. * 
C. triangulum (Ehr.) Cl. 
C. Sp. 1 
C. tumida (Br~b. ) V.H. 
Epi~ turgida (Ehr.) Kutz. >'< 
E. zebra (Ehr. ) K~tz. 
Fragiiaria construens (Ehr. ) Grun. 
F. Sp. 
Gomphonema angustatum var. producta 
Grun. 
G. intricatum-angustatum variation 
(Kutz.) in VanHeurck * 
G. lanceolatum Ehr. 
Q· olivaceum (Lyngb.) Kutz. 
Q· parvulum (Kutz.) Grun. 
Gomphonema (total) * 
Gyrosigma acuminatum (Kutz.) Rabh.7< 
Melosira granulata (Ehr.) Ralfs. 
Meridian circulare (Grev.) Agardh ; 7< 
Navicula capitata var. hungarica 
(Grun.) Ross 
N. cryptocephala var. veneta 
(Kutz.) Rabh. 
N. cuspidata (Kutz. ) Kutz. 
N. cuspidata var. major Meist. 
N. hambergii Hust. 
li· lanceolata (Agardh) Kutz. 
li· pupula var. capitata Skv. and 
Meyers 
li· pupula var. mutata (Krasske) 
Hust. 






















N. reinhardtii (Grun.) Grun . 
N. radiosa Kutz. 7.9% 8.6% 7.7% 
[. sp. 1 
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Table 1. (c ont. ) 
A B c D E F G 
Navicula sp. 3 ·k 
li• Sp• 4 * Navicula (total) 16% 23% 58% >'< 42% 31. 32% 
Nitzschia angustatum Wm. Smith 
Grun. '""k 
N· caQitellata Hust. * * " * N· congolens is Hust. * 
N· hungarica Grun. * 
N· linear is (Agardh) Wm. Smith ·k "'k ·k * 
N· sigmoidea (Nitzsch ) Wm. Smith ·k -k * .. k ..,~ 
N· thermal is (Ehr.) Auers. * * * * ·k 
_N. tryblionella var. l evidensis 
(Wm . Smith ) Grun. 
* Nitzschia (total ) 74% 51% 10% 4% 2% 2% 8% 
Pinnularia abaujensis var. linear is 
(Hust.) Pa tr. -k 
R· maior (Kt;itz.) Rabh . •k 
R· Sp. 1 'le 
RhoicosQhenia curvata (Kutz. ) 
Grun. ex Rabh. 
* RhoQalodia gibberula (Ehr. ) 0. Mull. ;'( 
SteQhanodiscus astraea (Ehr. ) 
Grun. 
* 
~· astraea var. minutula (K~tz.) 
Grun. 15 .3/. 
~. dubius (Fricke) Hust. * 
~. niagarae Ehr. * Surirella angusta Kutz. 
* 
~· ova ta Ki:;tz. * ..,~ >'< * 
~· ovata var. Einnata (Wm. Smith) 
Hust. 
* 
~· ~ Greg. * * * * * •k Synedra ulna (Nitz. ) Ehr. 
* 
>'< 
* * * 
l!. rum2ens var. familiar is 
(Kutz.) Grun. 
* 
~. vaucheriae Kutz. * Thalassiosira fluviatilis Hust. 
* 
1
see Introduction, page 1, for 1 is ting of Rivers A-G. 
* Indicates at least one valve per count and usually less than 5% of count. 
* Table 2. Placement in the Saprobien System of selected species of common diatoms and the occurrence of the se t axa i n 

















*Fjerdingstad, 1950; fig . 31. 
** Letters refer to names of rivers listed above. 
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It is evident that lake forms and benthic forms of diatoms can be 
collected in the plankton of these rivers. Epiphytic forms occur also, 
since a good holomixus •of various algal communities can frequently be 
found in the plankton net samples of rivers. The amount and diversity 
is directly related to flow rates and headwater origin of these streams. 
Fjerdingstad (1950 ) discussed the saprobien system for classifying 
polluted waters and the putative role of individual diatom species as 
pollution indicators. His placement of several common diatoms in the 
saprobien system is listed in Table 2. In the same table are listed 
the occurrences of these same diatoms in seven Iowa rivers. From 
these data it appears a reasonable conclusion that the seven rivers 
studied fall in the mesosaprobic range. 
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OPTIMUM ENVIRONMENT FOR MAXIMIZING HERITABILITY 
AND GENETIC GAIN FROM SELECTION 1 
Mario Vela-Cardenas 2 and K. J. Frey3 
ABSTRACT 
From field experiments, an attempt was made to find optimum en -
vironments for maximizing heritability and genetic gain from selection 
for several traits of oats. Data were used from 240 Fz-, F 8 -, and F 9 -
derived oat lines evaluated in 10 environments . The environments we re 
created by varying soil fertility, planting date, and seeding rate in each 
of 2 years. Traits measured were heading date, plant height, spikelets 
per 5 panicles, 100-seed weight, and grain yield. 
Two statistics were used as estimators of the optimal environments, 
heritability and genetic gains (1 o.,.,~ selection intensity) from selection. 
With the exception of 100-seed weight, for which all environments wer e 
about equally effective for genetic gain, there was perfect coincidence of 
the optimum environments for heritability and genetic gain. 
The environment which maximized genetic gain was related to the 
attribute under selection. The normal and high-density environments 
were best for maximizing heritability and genetic gains for plant height 
and grain yield. Low density was the optimum environment for maxi-
mizing heritability and genetic gain for spikelets per 5 panicles. All 
test environments were equally efficient in maximizing relative genetic 
gains from selection for seed weight; the low fertility environment, 
however, w as optimum for heritability. 
No single environment provided the maximum heritability for all 
traits. So, for .a plant-breeding situation where only one environment 
can be afforded, it would be most practical to weigh the attributes in 
order of importance and choose the environment that gave the best com-
promise of heritability values. In our study, normal density would be 
the best compromise environment for testing oat lines. 
Journal Paper No. J -6941 from the Iowa Agriculture and Home Eco -
nomics Experiment Station, Ames, Iowa 50010. Project 1752. In co-
operation with the Crops Research Division, Agricultural Research 
Service, U.S. Department of Agriculture. Part of the thesis submitted 
by the senior author in partial fulfillment of the requirements for the 
Doctor of Philosophy Degree. 
2 Formetly Rockefeller Foundation Fellow. Presently Head of Wheat 
Breeding at C. I. A. N. 0., Obregon Sonora, Mexico. 
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INTRODUCTION 
It is sometimes said that the optimum environment for practicing 
selection in a plant-breeding program is the one that gives the greatest 
genetic gain from selection. Realized genetic gain, of course, does 
depend upon heritability and / or differentiation among genotypes being 
maximized. 
For traits that display little genotype x environment interaction (e.g., 
resistance to a race of rust in oats), a single optimum environment for 
testing can be prescribed. On the other hand, with a trait such as grain 
yield, maximizing- genetic gain by selecting in one environment may have 
little or no usefulness if the selected genotypes are used in a different 
environment because this trait is thought to be sub.ject to a high degree 
of genotype x environment interaction. However, recent work by John-
son (4) suggested that, in oat and barley populations with large geno-
typic variances, genotype x environment interaction may be nearly in-
consequential. Furthermore, Krull et al. (8) have postulated that a 
major contributor to the genotype x environment interaction of grain 
yield of wheat may be reaction of genotypes to photoperiod, a trait 
qualitatively inherited. In this study, we have investigated whether the 
environment that provides the highest heritability also maximizes 
genetic gain from selection. 
Specifically, we studied the relationship between heritability of 
sever al traits of oats and the general productivities of environments. 
REVIEW OF LITERATURE 
Pathologists have done much res ear ch to develop optimum tests and 
techniques for differentiating disease reactions of host genotypes (Walker, 
10), whereas plant breeders have published few definitive reports relat-
ing to the comparative effectiveness of various environments for making 
progress from selection for quantitatively inherited traits. 
Gotoh and Osanai (2) practiced selection for high spike number for 4 
generations (F3 through F 6) and high yield for 1 generation (F ; ·) in 3 bulk 
samples (each grown at a different seeding rate) of a wheat cross. In an 
F 8 -line test, the means of yield and spike number were highest for pro-
genies selected in the low-density environment. The authors concluded 
that the low - density environment was the most efficient for selecting for 
these traits. In a similar study where the variable among selection en -
vironments was fertilizer levels, Gotoh and Osanai (3) obtained t he high-
est yielding and widely adapted wheat lines from the low-fertility environ-
ment. 
Krull et al. (8) obtained yield data for 25 spring wheat cultivars (from 
the Near Ea-;t, Mexico, and Colombia) grown in experiments at 16 loca-
tions in the Near East, 2 in Mexico, and 1 in Colombia. The cultivars 
highest for yield were identical in the 4 highest and in the 4 lowest pro-
ductivity experiments. The authors concluded that testing wheat lines for 
grain yield should be done on test sites with high fertility and optimum 
management since the highest yielding cultivars were selected in such 
an environment. 
According to Kariya and Yamamoto (7), the heritabilities for panicle 
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len gth , number of panicles, panicle weight, and heading date in rice 
populations were reduced as planting densities increased. Weber (11), 
however, found no differences in yield, plant height, or lodging among 
groups of soybean lines selected from populations in which the plants 
were spaced either 5, 10, or 30 cm apart. From an F 2 of the corn 
cross M 14 x C 103, Russell and Teich (9) selected lines on the basis of 
testcross yields and of visual ratings at each of 2 planting densities, 
30, 000 and 60, 000 plants per ha (low and dense, respectively). Selection 
at low or dense rates gave lines with equal hybrid or lines -per-se yields 
when tested at low planting rates, but lines selected in dense stands were 
superior to those selected in low stands when they were tested at the high 
planting rate. The authors concluded that inbred-line selection should 
be done at a dense planting rate. 
Selection was practiced by Frey (1) among F 2 -derived oat lines in 
adj acent stress (production equivalent to 9 00 kg of grain per ha) and non-
stress (production equivalent to 3, 000 kg of grain per ha) areas. The 
heritability values for yield were higher in the nonstress than in the 
stress area. Also, lines selected in the nonstress environment had 
w ider adapta.tion than those selected in the stress environment. In an-
other study, Johnson and Frey (6) grew a collection of oat cultivars 
under different degrees of environmental stress created by using several 
levels of a single variable, such as phosphorus, nitrogen, or planting 
date. As stress decreased (i.e., the environment became more condu-
civ e to high performance or productivity) genotypic variances, environ-
mental v ariances, and heritabilities increased in 17, 13, and 11 of 20 
possible instances, respectively. Decreasing the stress of the test en-
vironment caused greater g enotypic differenti~tion among oat lines, but 
there was no consistent increase or decrease in heritability as environ-
mental stress was lessened. In a companion study, Johnson (5) calcu-
lated the expected genetic advances for oat grain yield at 4 levels of soil 
phosphorus by using yield per se and selection indexes composed of a 
combination of yield with other traits such as plant height, plant weight, 
panicle number, spike let number per panicle, and weight per 100 seeds. 
At the high~phosphorus (nonstres s) environment, selection via yield per 
se or via indexes was equally efficient but at the low-phosphorus environ-
ment, indexes were most effective in selection for yield. 
MATERIALS AND METHODS 
Field Procedures 
We used 240 oat lines: (a) 39 from the cross 'Andrew' (C. I. 4170) x 
' Burnett ' (C. I. 6537), (b) 41 from the .cross Andrew x 1C. I. 5545 ' , (c) 40 
from the cross Burnett x C. I. 5545, and (d) 40 lines from each of 3 com-
posite populations (B334, B367, B3704). All the lines were the progenies 
of single plants. The 120 lines from (a), (b.) and (c) were F 2 -derived lines 
tested in the F 4 and F 5 , respectively, in the 2 years of the study. The 
Iowa accession numbers. Details of the composition of these composites 
are available upon request to the junior author~ 
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oat strains from B334 were F 8 -derived lines tested in the F 9 and F 10, 
respectively, and those from B367 and B370 were F 9 -derived lines tested 
in F 10 and F 11 , respectively. 
The 240 oat lines were tested in 10 experiments, 1 in each of 10 en-
vironments (Table 1). Experiments 6-1 and 7-1 were grown at Kanawha, 
Iowa, and all others were grown at Ames, Iowa. All experiments ex-
cept 6-2 and 7 -2 (late) were planted as early as weather would permit. 
The low-fertility environment was a soil area on which corn was grown 
without fertilization for the 6 years preceding our experiments. 
Each experiment was conducted in a randomized complete block de -
sign with 5 replicates. A plot consisted of a hill planted with 12, 32, or 
52 seeds, and the hills were spaced 30 cm apart in perpendicular direc-
tions. 
Table 1. Soil fertility levels, seeding rates, and planting dates for the 
experiments (environments) in which the oat lines were tested. 
Elements of the environments 
Experiment Environment Densitya in seeds 
Number designation Year Fertility :eer :elot Planting date 
6-1 Low-fertility 1966 Low 32 (normal) April 22 (normal) 
6-2 Late-planted 1966 High 32 April 30 (late) 
6-3 Normal 1966 High 32 March 31 (normal) 
6-4 Low-density 1966 High 12 (low) March 31 
6-5 High-density 1966 High 52 (high) March 31 
7-1 Low-fertility 1967 Low 32 April 18 
7-2 Late-planted 1967 High 32 May 5 (late) 
7-3 Normal 1967 High 32 March 29 (normal) 
7-4 Low-density 1967 High 12 March 29 
7-5 High-density 1967 High 52 March 29 
a 12, 32, and 52 seeds per plot equal 1, 3, and 5 bu per A. 
Data were collected for the 5 traits, heading date (2 replicates), 
plant height (2 replicates), number of spikelets per 5 panicles (3 repli-
cates), weight of 100 seeds (3 replicates), and grain yield (5 replicates). 
OPTIMUM ENVIRONMENT FOR SEVERAL TRAITS OF OATS 385 
Statistical Procedures 
The analysis of variance for each experiment-trait combination was 
carried out according to the randomized complete -block model and CJ Lz 
and O-e 2 , the genotypic and environmental variances respectively, were 
estimated from the lines and error mean squares. 
Heritability values for the 5 traits were calculated for each environ-
ment on a per -plot basis using the formula: 
0-Lz / (a-Lz + 0-/). 
The heritability values were used to calculate the expected genotypic 
gain from selection with the formula: 
6G = Hi o-pz 
where 6G is expected genetic gain, His heritability, i is selection dif-
fa-rential (i.e., selection intensity in standard deviation units), and O-p2 
is phenotypic standard deviation. The selection intensity used was 1 O'lfo. 
RESULTS 
The terms experiment and environment will be used somewhat inter -
changeably in this report to give appropriate emphasis in the presenta-
tion. For example, experiment 6-1 (low-fertility in 1966) will be equiva-
lent1 to low-fertility environment in 1966. 
For plant height, 100-s eed weight, and grain yield, the "lines" mean 
squares were highly significant in all 10 experiments (Table 2). The 
lines mean squares for spikelets per 5 panicles were highly significant 
in all experiments except 7 -4 in which significance was at the 5% level. 
From the lines and error mean squares, we calculated the genotypic 
components of variance given in Table 3. The magnitudes of the geno-
typic variance components indicate the degrees of differential perfor -
mance of oat lines in the several experiments. Genotypic variances for 
heading date ranged from 2. 4 to 4. 3 for the 6 experiments in which this 
trait was measured. These data indicate that all 6 environments provided 
a reasonably similar degree of genotypic differentiation for the trait 
heading date. The genotypic variances for plant height ranged from 
11. 5 to 48. 7. In both years, the normal environment (6-3 and 7-3) pro-
duced the largest genotypic variance (42. 2 and 48. 7), and in both years, 
the low-fertility (6-1 and 7-1) and late planted (6-2 and 7-2) experiments 
produced the lowest. Obviously, the greatest genotypic differentiation 
for plant height was obtained with normal or high-productivity conditions 
(i.e., high soil fertility, early planting date, and medium planting den-
sity). 
The genotypic variances for spikelets per 5 panicles ranged from 104 
to 551in1966 and from 62 to 226 in 1967, and the rankings of the en-
vironments were in identical orders in both years. The low-density en-
vironments (6-4 and 7 -4) produced the largest values (551. and 226) in 
both years. The remaining order of the environments from high to low 
genotypic variances were late-planting, normal-density, dense-planting 
and low-fertility. The range of genotypic variances for 100-seed weight 
was small, being only from O. 033 to O. 058. In both years, the highest 
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Tab le . 2 . Mean squares fo r lines and e rror fo r the ana lyses of variance of the data for 
5 at tribut e s measured in the experimen ts. 
Exp e rimen t 
and source Heading Plant Spike lets pe r 5 100-seed Grain 
of varia tion date height Eanicle s we ight yield 
6-1 
. a/ 
Lines b/ 42 .4""'' 521. 2"'* 0 .197"'* 31.5*'" 
Error - 19 .4 210.5 0 . 025 10 . 5 
6- 2 
Lines b / 6 . 7""" 66 . 8""" 1079. 5"--"' 0 . 132*"' 73. 0'""' 
Error - 0 .8 10 . 8 240.1 0 . 027 15. 2 
6-3 
Line s b/ 104 . 9""" 855.l"d 0 . 143'"'' 128. 3"'* 
Error - 20 . 5 289.1 0.020 28. 9 
6- 4 
Lines b / 10 . 8'"'" 93.4"'* 2135 . 3** 0.130""'' 99 .1 ** Error - 2 .1 22 . 0 481.1 o. 031 38 . 3 
6-5 
Lines b/ 78 .4*'" 659 . 6-k-k 0 . 149** 111.0"d' Error - 18.4 264 . 7 o. 021 29. 9 
7-1 
Lines b/ 64 . 2'"* 342.4** 0 . 193*"' 32. 6** 
Error - 20 . 8 157 .6 0 .020 13. 2 
7- 2 
Lines 
c / 8. 6'"'" 50 . 9''* 877 .2"--1' 0 .188'"* 48. 5"-'* Error - 3 . 9 22 . 7 452.5 0.048 28 . 8 
7- 3 
Lines b / 6 . 3"'"' 110. 81"1' 485.4*'" 0.138*"' 137.3'"* Error - o. 6 13.3 179. 9 o. 031 23 . 8 
7-4 
Lines b / 8 .9*"' 90.8*'" 925.5* 0.190*'" 109. l** Error - 1.3 17. 7 246.4 0 . 035 32 . 9 
7-5 
Lines b / 8.0** 90.5*"' 389.2** 0.144** 128. 7""" 
Error - o. 7 10.2 143 . 1 0.035 21. 7 
~/ Degrees of freedom for lines is 239 in each exper iment and fo r each attribute. 
£/ Degr ees of freedom for error are 239 for heading date and plant height, 478 for 
panicles per plant , 100-seed we ight and spikele t s per five panicles, and 956 fo r 
grain yield . 
£/ Degrees of freedom for error are 478 for grain yield 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability 
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Table 3. Components of variance for lines and error for 5 traits measured on oat 
lines in 10 experiments. 
Source 
of Trait 
variance Heading Plant Spikelets per 100-seed Grain 
E~eriment comEonent date height Eanicles weight lield 
6-1 Lines 11.5 104 6 .057 4.2 
Error 19.4 211 0.025 10.5 
6-2 Lines 3.0 28 .0 280 0.035 11. 5 
Error 0.8 10.8 240 Q.027 15.2 
6-3 Lines 42.2 189 0.041 19.9 
Error 20.5 289 6.020 28. 9 
6-4 Lines 4.3 35. 7 551 0.033 12.2 
Error 2.1 22.0 481 0.031 38.3 
6-5 Lines 30.0 132 0.043 16.2 
Error 18.4 265 0.021 29 .9 
7-1 Lines 21. 7 62 0.058 3.9 
Error 20 .8 158 0.020 13 .2 
7-2 Lines 2.4 14.1 142 0.047 6.6 
Error 3.9 22.7 453 0.048 28.8 
7-3 Lines 2.8 48.7 102 0.036 22 .7 
Error 0.6 13.3 180 0.031 23 .8 
7-4 Lines 3.8 36.5 226 0.051 15.2 
Error 1.3 17.7 246 0.035 32.9 
7-5 Lines 3.7 40.1 82 0.036 21.4 
Error 0.7 10.2 143 0.035 21. 7 
genotypic variance was obtained in the low-fertility experi~ent, but all 
of the other environments were about equally efficient in differentiating 
genotypes for seed weight. 
When the environments were ranked according to genotypic variances 
for grain yield, the orders were identical in the 2 years. '.The order of 
environments from lowest to highest variances was low-fertility, late-
planting, low-density, high-density, and normal. Obviously, the normal 
(high productivity) environment (6-3 and 7 -3) was the best one for differ-
entiating genotypes for grain yield. 
The magnitude of differential performance that an envir~mment elicits 
among genotypes is an important attribute for judging the worth of a test 
environment, but it is only one of the factors that contributes to success 
from selection. A second factor that predicts the success from selection 
is heritability. This statistic measures the proportion of ~he selection 
differential between the total population and the selected sample that is 
due to genotypic effects. 
Among the 4 attributes measured in all 10 experiments {heading date 
was measured in only 6), plant height and weight per 100 seed {Table 4) 
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Table 4 . Heritability values for 5 traits measured on oat lines in 10 experiments. 
Trait 
Heading Plant Spikelets per 100-seed Grain 
E~eriment date height eanicles weight yield 
6-1 0.37 0.33 0. 69 0.29 
6-2 o. 79 o. 72 0.54 0.56 0.43 
6-3 o. 67 0.40 0.67 0.41 
6-4 o. 67 0.62 0.53 0 .52 0.24 
6-5 0.62 0.33 0 . 67 0.35 
7-1 0 . 51 0.28 0.74 0.23 
7-2 0.38 0 .38 0. 24 0 . 60 0.19 
7-3 0.82 0.79 0.36 0 .54 0.49 
7-4 o. 75 0.67 0.48 o.~9 0.32 
7-5 0.85 0.80 0.36 0.50 0.50 
Mean 0.61 0.36 o. 61 0.34 
had the highest mean heritability (0. 61). Number of spikelets per 5 
panicles and grain yield had mean heritabilities of O. 36 and 0. 34, re-
spectively. For heading date, the heritability values were very uniform 
(from 0. 67 to O. 85) except in the late-planted experiment in 1967, which 
gave a heritability of O. 38. Any environment except the late-planted one 
provided good predictability for selection for heading date. 
Heritability values for plant height rang ed from O. 37 to 0. 80. The 
low-fertility environment produced relatively low heritability values in 
both years (0. 37 and 0. 51, respectively), whereas the late-planted en-
vironment produced a high value (0. 72) in 1966 but a low one (0. 38) in 
1967. The other 3 environments (i.e., normal and low- and high-density 
seeding rates) all produced high heritability values (i.e., above O. 62), 
for plant height. Actually, the normal and the high-density environments 
were the best ones for maximizing heritability of this trait when averaged 
across years. Their mean heritability values were 0. 73 and 0. 71, re-
spectively (Table 5). 
For spikelets per 5 panicles, the heritability values ranged from O. 24 
to 0. 54. The low-density environment showed high and consistent heri-
tability values of O. 5 3 and O. 48 in 1966 and 1967, respectively, for a 
mean of 0. 50 (Table 5). The late-planted environment gave a high value 
of 0. 54 in 1966, but a low one of O. 24 in 1967 ~ Both high-density and 
normal environments showed consistent values, ranging from O. 33 to 
O. 40. Our results indicate that a low-density environment (with high 
soil fertility and early seeding) was , optimum for maximizing the heri-
tability values for. spikelets per 5 panicles. Heritability values for 100-
seed weight were all quite high, ranging from O. 50 to O. 74. The en-
viron_ment that gave the highest value in each year and the highest mean 
(0. 71) was low fertility. The mean heritabilities for the other 4 
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environments ranged from O. 55 to O. 60 (Table 5), so there was little 
basis to choose among them. The low-fertility environment was best 
for maximizing heritability for seed weight. 
Table 5. Mean heritability values for the 5 traits measured on oat lines and averaged 
for like environments across years. 
Trait 
Heading Plant Spikelets per 5 100-seed Grain 
Environment date height Eanicles weight iield 
Low fertility 0.44 0.30 o. 71 0.26 
Late planting 0.58 0.55 0.39 0.58 0.31 
Normal o. 73 0.38 0.60 0.45 
Low density o. 71 0.64 0.50 0.55 0.28 
High density o. 71 0.34 0.58 0,42 
The trait that always attracts primary interest in selection experi-
ments with oats is grain yield. It is the trait that determines the profit-
ability of oat production, but that also is the most elusivi~ in selection 
experiments. Herein, heritability values for grain yield ranged from 
0. 19 to 0, 50. In 1966, highest heritability va!Ues (0. 43 and 0. 41) were 
produced in the late-planting and normal environments, whereas in 1967, 
the highest values (0. 50 and O. 49) were produced in the high density and 
normal experiments (Table 4). The lowest mean heritability values, 
when averaged across years, were O. 28 for the low-density and 0. 26 for 
the low-fertility environments (Table 5). For consistent and high mean 
heritability values, the high-density and normal environments were best 
for maximizing heritability for grain yield. 
In general, the relative worth of an environment for maximizing the 
heritability value of a trait was consistent for both years. The exception 
was the late -planted environment. The heritability values for heading 
date, spikelets per 5 panicles, and grain yield produced by this environ-
ment were high (i.e., O. 79, O. 54, and O. 43, respectively, in 1966) but 
low (i.e., O. 38, 0. 24, and O. 19, respectively) in 1967. The year in which 
the late -planted experiment was abnormal is not obvious. 
To summarize, the best environment(s) for maximizing heritability 
values seemed to be the high-density and normal ones for heading date, 
plant height, and grain yield, low-density for spikelets per 5 panicles, 
and low fertility for 100-seed weight. 
The statistic that combines all features of an environment into an 
expression of the success expected from selection is the "expected 
genetic gain. 11 
For our study the expected genetic gains from selection were first 
calculated in the original units by which the 5 traits were measured. 
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When expected genetic gains were expressed in the original units of 
measurement {e.g., dates, grams, numbers) , however, it was difficult 
to make comparisons between environments and/ or traits. Among en-
vironmen~s, the magnitudes of expected genetic gains were related to 
the means of the respective experiments, and among traits, expected 
genetic gains could not be summed or averaged across traits because 
the units of measurement among them differed. To circumvent these 
problems, we calculated all expected genetic gains relative to the ex-
periment means. These percentages are presented in Table 6 for the 
10 experiments. The relative genetic gain for heading date ranged from 
7 to 20%, and the late-planted experiments gave gains (9 and 7'110), about 
half as lar.ge as those in the other experiments. For plant height, the 
maximum relative genetic gain (11%) occurred in the normal environ-
ment in 19~6, whereas in 1967, the optimum environment was high den-
sity where· the genetic gain was l S'lfo. The lowest relative genetic gains 
for plant height were produced in the low-fertility environments in both 
years and the late-planted environment in 1967. Either the high-density 
or normal environment was best for maximizing relative genetic gain 
from selection for plant height. 
Table 6. Expected genetic gains from selection (10% selection intensi t y) expressed 
as percentages of the means for the 5 traits measured on oat lines in 10 
experiments. 
Trait 
Heading Plant Spikelets per 100-seed Grain 
Experiment date height panicles weight yield 
6-1 13 12 13 
6-2 21 10 17 
6-3 11 16 11 17 
6-4 15 23 8 11 
6-5 15 11 14 
7-1 11 11 10 
7-2 11 12 8 
7-3 17 12 13 19 
7-4 18 16 11 15 
7-5 20 15 12 21 
Mean 13 15 10 15 
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The relative genetic gains for spikelets per 5 panicles were highest 
in the low-density environment in both years (23 and 16"1o in 1966 and 
1967, respectively). The late-planted environment in 1966 also pro-
duced a relative genetic gain of 21%. The relative genetic gains from 
the other 4 environments in 196 7 ranged from 11 to 13"1., and from the 
other 3 in 1966 ranged from 13 to 16%. Obviously, maximum relative 
genetic gain from selection for spikelets per 5 panicles w ould be achieve< 
in a low-density environment. The relative genetic gains for 100-seed 
weight ranged only from 8 to 12%, so there was little evidence that any 
environment was superior for selecting for this trait. 
The relative genetic gains for grain yield ranged from 8 to 21% , and 
the normal environment gave values of 1 7 and 19% in 1966 and 196 7, 
respectively. Also, high values of 17 and 21% were produced by the 
late-planted and high-density environments in 1966 and 1967, respec-
tively. The low fertility environment produced low relative genetic gaine 
in both years. When averaged across both years, the high-density and 
normal environments produced maximum relative genetic gains of 17 and 
18% from selection for grain yield (Table 7). 
Table 7. Average expected genetic gains from selection (10% selection intensity) 
expressed as percentages of the means for the 5 traits measured on oat 
lines in like environments across years. 
Trait 
Heading Plant Spikelets per 5 100-seed Grain 
Experiment date height panicl~s weight yield 
Low fertility 12 11 11 
Late planting 8 16 11 12 
Normal 11 14 10 18 
Low density 16 19 13 
High density 12 13 10 17 
When a comparison was made among traits, the lowest mean relative 
genetic gain of cp!o was found for plant height, whereas the greatest gains 
of 15'1fo were found for spikelets per 5 panicles and grain yield. When 
averaged across the 4 traits measured in all experiments, the relative 
genetic gains for the low-fertility, late-planting, normal, low-density, 
and high-density environments were 9, 11, 12, 12, and lZ"fo, respec-
tively. 
DISCUSSION 
A pertinent question to our stutly is, " Do the same environments 
maximize relative expected genetic gains and heritability?" Heritability 
measures the genetic effects of a trait passed from one generation to the 
next, so an environment that gives the highest heritability also should 
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maximize genetic gain from selection if the phenotypic variances re-
main constant among environments. The expected genetic gain from 
selection is based on 3 components, heritability, phenotypic standard 
deviation, and selection differential, and in a sense, is the standard or 
control against which other estimators of genetic progress from selec-
tion must be compared. When the expected genetic gain from selection 
is expressed as a percentage of the mean, it allows the most meaningful 
comparisons of genetic progress among attributes, among environments, 
and probably, among breeding programs. 
The environments that produced the greatest heritability and the 
greatest relative g-enetic advances for the 4 traits are given in Table 8. 
Table 8. Summary of environments which maximize heritability and relative 
genetic gains for 4 traits. 
Environment(s) that maximize 
Trait Heritability Genetic gain 
Plant height Normal Normal 
high density high density 
Spikelets per 5 panicles Low density Low density 
Seed weight Low fertility All environments 
Grain yield Normal Normal 
high density high density 
The choice of an environment that maximized genetic gain is related to 
the attribute being selected. The high-density and normal environments 
were best for maximizing heritability and genetic gain from selection for 
plant height. This result differs from the report of Weber (11) who found 
no differences for plant height among groups of soybean lines selected at 
several population densities. 
Low density was the optimum environment for maximizing heritability 
and expected genetic gains for spikelets per 5 panicles. Similar results 
were shown by Kariya and Yamamoto (7), who found that selection of rice 
genotypes for panicle weight was most efficient at low-population densi-
ties. 
All test environments were equally efficient in maximizing relative 
genetic gains from selection for 100-seed weight. But, the low-fertility 
environment was optimum for heritability for this trait. For grain yield, 
high-density or normal environment was best for maximizing heritability 
and relative genetic gain. Russell and Teich (9) concluded that testing 
corn inbred lines for yield should be done in a high-density environment, 
but contrariwise, Gotoh and Osanai (2 and 3) cbncluded that low-fertility 
and low-density were the most efficient environments for selecting among 
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wheat genotypes for grain yield. Frey (1) and Krull et al. (8), however, 
concluded that greater progress for yielding ability of small grains was 
expected if testing was done under high productivity conditions. Johnson 
and Frey (6) concluded that, for barley and oats, the environment that 
gave maximum genetic advance also gave maximum heritability, with 
few exceptions. Our results support those of Johnson and Frey (6). With 
the exception of 100-seed weight, where all environments are about 
equally effective for relative genetic gain, there was perfect coincidence 
of the optimum environment for heritability and relative genetic gain. 
In a practical breeding program, selection is practiced simultaneously 
for several attributes, and as noted before, a given environment that is 
most efficient for producing high heritability for one attribute may not 
be good for all traits. In other words, environmental variables that 
would increase heritabilities for one trait may decrease heritabilities 
for others. As an example, the average heritability for spikelets per 5 
panicles (0. 50) and grain yield (0. 28) were high and low, respectively, 
in a low-density environment. Also, the average heritabilities for 
spikelets per 5 panicles (0. 34 and 0. 38) and grain yield (0. 42 and O. 45) 
were low anq high, respectively, in high-density and normal environ-
ments (Table 5). Thus, no single environment is apt to provide the 
maximum heritability for all traits, so the plant breeder is forced to 
compromise. He has several alternatives: (a) a different environment 
can be used for each trait (i.e., the environment that gives maximum 
heritability). Of course, this is expensive and, perhaps, wasteful of 
resources. (b) The environment that gives the highest mean heritability 
across all traits can be used. The mean heritabilities for our 5 environ -
ments (excluding heading date) were O. 37, 0. 4:2, O. 48, O. 43, and O. 46 
for the low-fertility, late-planted, normal, low-density, and high-densit~ 
environments, respectively. On this basis, the high-density environ-
ment would be selected. A shortcoming of the second alternative is that 
it gives equal weight to all traits, and this is unrealistic in a breeding 
program. (c) Probably most practical would be to use 1 environment, 
but to give different weights to the traits in determining which environ-
ment to use. For example, grain yield is probably the most important 
trait measured in this study. The heritability values for grain yield 
were high in 2 environments, high density and normal, so either could 
be satisfactory. Perhaps the second most important trait is plant height 
because it is negatively associated with lodging of grain. Again, the 
heritabilities with either high density or normal were good. Weight per 
100 seeds is the third most important trait, and the highest heritability 
for it was produced in the low-fertility environment. This environment 
produced quite unsatisfactory heritability values for grain yield and plant 
height. Spikelets per 5 panicles would be fourth most important trait, 
and the low-density environment produced the highest heritability for it. 
Herein, this kind of analysis would lead to selection of normal as the 
best compromise environment for testing. The fact that the normal 
environment was chosen in both alternativ~ (b) and (c) may be fortuitous. 
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CLASSIFICATION OF MAIZE (ZEA MAYS L.) INBREDS 
FOR POPULATION TOLERANCE BY GENERAL COMBINING ABILITY 1 
J. J. Mock and L. L. Buren2 
ABSTRACT. Fifteen maize (Zea mays L.) single crosses, progeny of a 
diallel set of eras ses among six inbred lines differing in tolerance to 
population stress, were grown at two plant densities (12, 400 and 98, 800 
pl/ha). Diallel analyses of seven traits that influence population toler-
ance were conducted. Inbreds we re classified for population tolerance 
(tolerant, intermediate, intolerant) by their general combining ability 
effects across all traits. Little agreement between classification by 
combining ability and previous classification by inbred yields per se was 
noted. Highest-yielding single cross at the high population involved two 
tolerant parents, but best-combining single cross (highest sea for all 
traits) had tolerant x intolerant parentage. Data suggested general com-
bining ability would be a valid criterion to use for describing inbred 
population tolerance; however, trait evaluation must be conducted at a 
high stand level. Genetic basis of population tolerance is discussed. 
Population tolerance usually is defined as the ability of a genotype to 
yield well over a series of plant densities. Few studies have been con-
ducted to evaluate specific maize (Zea mays L.) cultivars for response 
to population stress. Lang et al. (1956) evaluated nine single eras ses at 
six populations ranging from-4~000 to 24, 000 plants per acre and found 
WF9 x Cl03 gave the poorest response to increased stand densities and 
Hy2 x Oh7 gave the best response. Similar results were observed for 
WF9 x C 103 by Woolley et al. (1962). These authors found all hybrid 
combinations with C 103 pa~ntage gave the poorest yield responses to 
increased population stress. Earley et al. (1966, 1967) showed WF9 x 
Cl03 was less tolerant to shading (reduced yields with reduced light) than 
other cultivars studied. On the basis of inbred yield performance at 
three stand densities, Kern 1 s 3 data described A632, Oh43, and WF9 as 
tolerant lines and A619, B37, and Cl03 as intolerant lines. 
Most researchers (Lang et al. 1956; Woolley et al. 1962; Russell 
1968) have concluded barren~ess is the primary ~~e of population in-
tolerance. Recently, Buren (1970) showed several morphological traits 
could be measured at low population densities and used to predict 
1 Journal Paper No. J -6962 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1836. 
2 Assistant Professor of Plant Breeding, Iowa State University, Ames, 
Iowa 50010, and Assistant Agronomist, Hawaiian Sugar Pl~nters' Asso-
ciation, Honolulu, Hawaii 96822, respectively. 
3 Kern, C. L. 1968. Use of high populations and herbicides with minimum 
tillage of corn (male sterile and fertile) and soybeans. Unpublished M. S. 
Thesis. Iowa State University Library, Ames, Iowa. 47 pp. 
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barrenness at high stand densities. Thus, a breeder interested in 
evaluating lines for barrenness could adequately do so at low populations, 
which would be less expensive than evaluations at several densities. 
The diallel analyses reported in this paper were performed to deter-
mine the relationship between population tolerance as measured by in-
bred yield per se (Kern3) and combining abilities for a number of traits 
known to predict barrenness (Buren 1970). The analyses also were con-
ducted to develop a tolerance-classification scheme based on general 
combining ability. Such a scheme should be more reliable and informa-
tive to the corn breeder than one based on inbred yield per se. 
MA TERIAI.S AND METHODS 
Fifteen maize single crosses, progeny of a diallel set of crosses 
among inbreds A619, A632, B37, Cl03, Oh43, and WF9, were grown at 
two plant densities (12, 400 and 98, 800 pl/ha) at the Agronomy and Agri-
cultural Engineering Field Research Center, Ames, Iowa, in 1969. Soil 
type was Nicollet silty clay loam with above-average fertility. Added 
fertilizer consisted of a fall broadcast application of 60 kg/ha phos -
phorus and 140 kg/ha potassium plus a preplanting application of 224 
kg/ha nitrogen. Weed control was by chemical application, cultivation, 
and hand weeding. 
The experiment was arranged in a split-plot design (populations as 
whole plots and single crosses as subplots) with three replications and 
was planted on May 16 at a rate 20-80'7fo over the desired stand levels. 
Plots were thinned when plants were 20-50 cm tall. Interplant spacings 
were kept as uniform as possible, Plot sizes were three 102-cm rows 
at the 12, 400 pl/ha level and six 51-cm rows at the 98, 800 pl/ha popula-
tion. Row length was 10. 1 meters for both densities. 
For trait measurement, rows in each plot were numbered from east 
to west. At low density, yield, tassel emergence, pollen shed, and silk-
ing data were taken on 15 consecutive plants in row three. These data 
(except yield) were taken on 20 consecutive plants of row three at the 
high population. At this level, yield was recorded from plants in rows 
four and five after 76-cm borders were removed from each end, Samp-
ling for tassel dry weights was done on six "representative" plants per 
plot at both populations. 
Tassels were considered emerged when first visible from the side of 
the whorl. Incipient anthesis or silking was recorded daily or bi-daily 
for pollen shed and silking dates. Number of plants at each stage was 
plotted against number of days from planting, 5Cf1o tassel emergence 
dates were determined to nearest O. 5 day, and 25%, 50..,,o, and 75'lfr1 silking 
and 50'lfo pollen shed dates were determined to nearest O. I day. Silking 
interval was calculated as the difference in days between 25% and 75% 
silking. Tassel dry weights were taken after tassels were severed at the 
flag leaf and dried to a constant weight. All plots were hand harvested 
(October 20-November 10, 1969) after number of harvestable plants had 
been determined. Plot samples were dried and weighed, and grain yields 
(q/ha of no. 2 shelled corn at 15. S"fo moisture) were computed assuming 
80'7fo shelling. Ear dry weights were calculated as: 
total plot sample dry weight/number of ears per sample. 
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Dry grain weight was divided by leaf area to give grain production per 
unit leaf area. Harvested plants not producing an ear were considered 
barren. This estimate is probably conservative since the high plant 
density lost harvestable plants. 
Analyses of variance for a split-plot were performed, and diallel 
analyses for each population and combined populations were run on 
single-cross means. Inbred lines were a fixed sample, and general and 
specific combining ability effects and standard errors were estimated by 
the method of Griffing (1956). Because it is a related-line cross, A619 
x Oh43 was excluded from all diallel analyses. Similarly, B37 x Cl03 
was excluded from the 98, 800 population and the combined analyses be-
cause it produced a poor stand at this level. Exclusion of these crosses 
resulted in confounding of general and specific effects. The best error 
estimate available was from the combined analysis; therefore, because 
of heterogeneity of error known to exist between population levels (Rus -
sell 1968), significance may not be at the level indicated. 
RESULTS AND DISCUSSION 
Mean inbred performances (Table 1) showed that, at low population 
density, there was little difference in yielding abilities of the inbreds 
and that there was no strong association of yield with other characters. 
At the 98, 800 stand level, however, higher-yielding lines (A619, A632, 
and B37) had low amounts of barrenness, were early, had large ears, 
small silking intervals and pollen shed-silking intervals, small tassels, 
and produced large amounts of grain per unit leaf area. These findings 
agree with previous data (Lang et al. 1956; Woolley et al. 1962; Russell 
1968; Buren 1970). Lower-yielding lines showed opposite characteristics. 
Therefore, lines performing well at high stand levels should have low 
amounts of barrenness, large ears, early silking dates, short 25-75% 
silking intervals, short pollen shed-silking intervals, small tassels, and 
high grain-production efficiency. Signs of combining abilities for these 
traits should be -, +, -, -, -, -, and +, respectively. These criteria 
are used in evaluating inbred combining ability effects in this paper. 
General combining ability was significant for all traits at both popu -
lation levels, except silking interval at the 12, 400 stand level (Table 2). 
The specific mean squares were significant, with the exceptions of days 
to silk and silking interval at the low density and ear dry weight, tassel 
dry weight at pollen shed, and grain per unit leaf area at the high popu-
lation (Table 2). All mean squares were significant in the combined 
analysis, and all interactions of combining ability with population levels 
were significant; therefore, primary emphasis is placed on individual 
population data. Obviously, one cannot rely on combining abilities at the 
low level to predict those of the stress population. General combining 
ability effects for most traits at both population levels were much larger 
than specific combining ability effects (Table 2), indicating significant 
specific combinations were infrequent and of little practica,l importance 
and evaluation for general combining ability was most important. 
Inbred general combining ability effects (Table 3) showed little as so-
ciation between combining abilities for each trait at the low population. 
At the high level, however, lines with highest positive combining ability 
w 
'° 00 Table 1. Mean inbred performance across all crosses of a diallel grown at 12,400 pl/ha and 
98, 800 pl/ha. 
Pollen Shed Tassel." dry 
Grain Ear Silking -Silking Weight at 
Yield Dry Weight Days to Interval Intenzal Pollen Shed Grain~LA Barrenness 
-(-q l.baJ {g~ Silk {days~ {days} ~g} {g/:afii ) m 
A619a 
12,400 40.4 291 71.1 2.6 0.4 10. 7 3.98 
98,800 92.5 116 77.6 5.8 5.8 5.7 1.42 10.5 
A632 ~ 
12,400 46.5 248 73.8 2.2 0.8 7.7 4~ .10 ---- 0 
98,800 93.5 115 78.7 6.1 5.7 5.2 1. 36 10.8 () ~ 
Oh43a Ill ~ 




z 12,400 47.8 263 74.6 2.3 o.o 8.8 3. 71 ----
98, 800 94.1 115 79.4 4.3 5.8 5.1 1. 22 9.1 
WR9 
12,400 42.3 287 74.0 2.4 1. 8 12.3 3.48 
98,800 85.8 109 79.7 6.0 7.1 6.4 1.17 13.2 ) 
Cl03 
12,400 40.5 287 75.5 2.5 0.9 13.1 3.37 
98, 800 74.4 112 83.2 7.4 9.7 7.5 1.11 25.7 
:· 1 Does not include data from A619 x Oh43 for both populations . 
• / Does not include data from B37 x Cl03 at 98,800 pl/ha population. 
Table 2. General and specific combining ability effects for traits which affect 
population tolerance~ . 
Pollen Shed- Tassel Dry 
Grain Ear Dry Days to Silking Silking Weight at 
Effect Yield Weight Silk Interval Interval Pollen Shed Grain/LA 
12,400 pl/ha 
General 71. 36** 2162** 15.30** 0.05 3.15** 39.54** 6.25** 
Specific 33.79** 448** -0.28 0.35 0.69* 3.07** 0.24** 
98, 800 pl/ha 
General 326.31** 39** 24.00** 5.01** 14.51** 5.41* 0.10** 
Specific 52.06** 16 2.82** 2.47** 3.32** 0.06 0.00 
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Table 3. Inbred general combining ability effects for traits which affect population 
tolerance. 
Pollen Shed- Tassel Dry 
Grain Ear Dry Days to Silking Silking Weight at Grain/ 
Yield Weight Silk Interval Interval Pollen Shed LA Barrenness 
12 1 400 El/ha 
A619 -4.14 20.40 -3.61 0.22 -0.54 0.39 0.34 
A632 4.02 -34.20 0.14 -0.22 -0.13 -4.22 0.42 
B37 5.63 -15. 70 1.17 -0.17 -1.11 -2.90 -0.08 --- ~ 
Oh43 -0.70 -0.35 -0.21 0.05 0.61 2. 77 0.17 --- 0 () 
WF9 -1.26 15.05 -0.32 0.00 1.17 1.50 -0.36 --- ~ 
Pl 
Cl03 -3.55 14.80 2.83 0.12 0.00 2.46 -0.49 --- ::1 0.. 
I tJj 
98 1 800 ElLha <:: 
A632 i. 77 1.95 -1.47 0.04 -1.58 -1.25 0.15 -4.65 ::0 M 
A619 6.83 3.34 -3.28 0.00 -1. 62 -0.33 0.23 -5.29 z 
B37 3. 71 1.96 0.92 -1.88 -0.30 -1.04 -0.08 -2.59 
loh43 -0.48 -1.41 -0.48 o. 70 -0.27 0.99 -0.02 0.29 
WF9 -1.83 -5.30 -0.32 0.01 -0.17 0.28 -0.08 -1. 75 
Cl03 -16.01 -b.54 4.63 1.13 3.94 1.35 -0.20 13.99 
S.E. (gi-gj) 2.07 4.12 0.57 0.40 0.48 0.44 0.10 1. 82 
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for yield had high negative responses for barrenness. Similarly, signs 
of effects for other traits agree with criteria established for indicating 
a line showing favorable combining ability responses; i.e., +, -, -, -, -, 
and +, for ear dry weight, days to silk, silking interval, pollen shed-
silking interval, tassel dry weight at pollen shed, and grain per unit leaf 
area, respectively. Ranking lines for population tolerance on the basis 
of favorable general combining ability effects at the high stand level 
(Table 3) showed A619 and A632 were tolerant (favorable combining 
abilities for all traits), B37, Oh43, and WF9 were intermediate (favor -
able and unfavorable combining abilities), and Cl 03 was intolerant (no 
favorable combining abilities). Generally, gca effects for all traits 
were not significantly different within these classes but were when com-
pared between categories (Table 3). For example, gca for grain yield 
of A619 and A632, the tolerant inbreds, were not different, but they were 
significantly different from that of Oh43 or WF9, intermediate lines. At 
the low population, all lines were intermediate. As expected, these 
rankings agree with inbred means (Table 1). The classification is in 
direct opposition to that from Kern 1 s 3 data, which suggested, on the 
basis of inbred yields per se, A632, Oh43, and WF9 were tolerant, 
whereas A6 l 9, B37, and C 103 were intolerant. Therefore, there is 
little relationship between tolerance ratings based on inbred yield per -
formance and those based on high-population general combining ability 
for several traits. 
Highest-yielding single cross at 98, 800 pl/ha (Table 4) was tolerant x 
tolerant A619 x A632 (101. 3 q/ha). Tolerant x intolerant crosses (A619 
x Cl03 and A632 x Cl03) resulted in poor yields. Unfortunately, intoler-
ant x intolerant crosses could not be tested since only one line in this 
study was classified as intolerant. However, it is expected that such 
crosses would yield the poorest. Oh43 x Cl03 and WF9 x Cl03, both 
intermediate x intolerant, produced the lowest grain yields in this study. 
Similarly, when Oh43 and WF9 were combined with tolerant lines, the 
resulting yields were lower than when B37 was crossed with tolerant 
lines. Therefore, B37 was the more tolerant of the three intermediate 
lines. General combining ability effects (Table 3) support this conclusion. 
Tolerant x intermediate and intermediate x intermediate crosses (e.g., 
A632 x B37, A619 x WF9, Oh43 x WF9, etc.) resulted in a range of 
yields ranking from second to seventh (all exceeding 91.0 q/ha). 
All traits considered, specific combining ability effects were not out-
standing at the low plant density. Specific effects at the 98, 800 pl/ha 
level, however, showed the best-combining single cross to be A632 x 
C 10 3 (tolerant x intolerant). The effect is of little practical significance 
since the yield of the cross was poor (Table 4). The other tolerant x 
intolerant cross, A619 x Cl03 was not outstanding. A619 x A632 pro-
duced a relatively poor sea effect. Poorest-combining single cross was 
Oh43 x Cl03. 
These results would be expected if tolerant and intolerant lines con-
tained different genes or linkage blocks (favorable combinations for 
tolerant and unfavorable for intolerant) and intermediate lines poss es sed 
a mixture of favorable and unfavorable genes. Further, genes in the 
tolerant and intolerant lines must be identical or nearly identical alleles. 
Tolerant x tolerant eras s es would combine favorable genes of like type, 
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Table 4. Single cross specific combining ability effects for traits which 
affect population tolerance and mean grain yields at 98, 800 pl/ha. 
Tassel Dry 
Pollen Weight Mean 
Ear Days Shed- at Bar- Grain 
Grain Dry to 
Yield Weight Silk 
Silking Silking Pollen Grain ren- Yield 
Interval Interval Shed /LA ness (g/ha) 
12,400 pl/ha 
A619 x A632 -2.94 -7.56 -0.14 0.58 -0.44 
A619 x B37 0.92 . 9.94 -0.06 -0.17 · ~.34 
A619 x WF9 -2.60 -8.81 0.29 0.06 -0.84 
A619 x Cl03 4.60 6.44 -0.09 -0.47 -0.06 
A632 x Oh43 -5.71 -14.81 0.66 0.36 -0.49 
A632 x B37 -4.26 11.54 -0.72 -0.32 0.23 
A632 x WF9 5.57 16.79 0.33 -0.70 0.06 
A632 x Cl03 7.34 -5.96 -0.14 0.08 0.63 
Oh43 x B37 9.12 0.67 0.04 -0.89 0.09 
Oh43 x WF9 -2.28 -20.06 -0.11 1.03 -0.39 
Oh43 x Cl03 -1.13 34.19 -0.59 -0.49 0.79 
B37 x WF9 2.17 12.29 -0.29 0.05 _ . 0 ~ 43 
B37 x Cl03 -7.95 -34.46 1.03 1.33 -2.09 
WF9 x Cl03 -2.85 -0.21 -0. 22 -0.44 0.73 
A619 x A632 -0.63 
A619 x B37 -1.84 
A619 x WF9 2.51 
A619 x Cl03 -0.03 
A632 x Oh43 -0.01 
A632 x B37 0.72 
A632 x WF9 -8.15 
A632 x Cl03 8.08 
Oh43 x B37 6.89 
Oh43 x WF9 6.28 
Oh43 x Cl03 -13.17 
B37 x WF9 -5.76 
WF9 x Cl03 :: 5.:.13 
98,800 pl/ha 
0.01 -1.47 -0.11 -o.42 
5.05 -0.06 0~77 -0.20 
4.32 1.78 0.46 1.23 
-9.45 -0.26 -0.46 -0.60 
2.82 -0.87 -1.07 -1.27 
-2.55 1.53 1.21 1.25 
-6.28 1.77 1.81 1.68 
5.95 -0.97 -1.10 -1.25 
2.80 -0.56 -1.23 -0.95 
-0.93-1.22 -0.44 -1.22 
-4.70 2.64 2.74 3.45 
-5.30 -0.92 -0.65 -0.10 










































0.03 4.08 101.3 
-0.03 2.37 96.0 
-0.01 0.68 94.8 
0.01 -7.06 78.1 
-0.04 0.90 94.6 
-0.26 -0.52 99.5 
-0.06 1.44 85.1 
0.14 -5.90 87.1 
0.16 -5.56 97.4 
0.08 -7.09 91.3 
-0.20 11.76 57.6 
-0(()6 3.78 83.4 
0.05 1.20 74.6 
S.E.(s .. -sl .~) 3.59 
1] '_Ji; 
7.14 0.99 0.69 0.84 0.75 0.17 3.15 
S.E.(sij-skl) 2.93 5.83 0.81 0.56 0.68 0.62 0.14 2.57 
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thus producing superior - yielding hybrids that are w eak combiners be -
cause of lack of interactions between alleles. Such is the case for A619 
x A6 32 (Table 4) . Identical results (poor yield, however) would be ob-
served for tolerant x intolerant crosses. Tolerant x intolerant crosses 
would give g ood-combining single crosses since they involve parents 
with dissimilar genes that could interact. The gene combinations, how-
ever, could only result in intermediate -to -poor yields when compared 
with tolerant x tolerant hybrids. Again, data in Table 4 support this 
hypothesis; i.e., A632 x Cl03 is the best-combining cross (across all 
traits), but it is a poor yielder (ranked 8th) . A619 x Cl03 has a poor 
specific combining ability and a lower yield than A6 32 x C 10 3, sugges t-
ing a background effect may alter gene expression. Tolerant x inter -
mediate, intermediate x intermediate, and intolerant x intermediate 
cross es would produce a range of yields and specific effects, depending 
upon the favorable and unfavorable and / or like and unlike gene combina-
tions produced. 
These observations support the hypothesis that tolerant, intermediate, 
and intolerant lines are genetically different for reaction to population 
stress and that classification for population tolerance on the basis of 
general combining ability is a valid one. 
The tolerance-classification scheme proposed from data in this paper 
is based on the theory that tolerant inbreds should transmit their pe:i: -
formance advantage at high population levels to a number of crosses if 
they are to be useful in a breeding program. Therefore, the most logical 
criterion is a favorable general combining ability for a number of traits 
known to affect population tolerance. There is no relationship between 
classification of inbreds by yield per se and classification by general 
combining ability. The combining ability scheme should c;ircumvent the 
problem of relating inbred and resultant hybrid performance. Also, it 
should be more reliable since it is based on a number of characters 
measured on hybrid progeny and not on one criterion, inbred yield, 
which could be more subject to environmental interactions and therefore 
give a misleading rating. Unfortunately, there is no agreement between 
low- and high-population combining ability data; therefore, the disadvan-
tage of the scheme is that it must be conducted at a high stand level. 
These data are from one year's experimentation and involve a rela-
tively few lines; therefore, results obtained cannot be readily generalized. 
However, sufficient e...tidence is presented to warrant proposal of a 
tolerance-classification scheme based on general combining ability and 
to instigate further work to improve the technique. Once refined, the 
system should be superior to rating inbreds for population tolerance on 
inbreds yields per se. 
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INFLUENCE OF SINK-SOURCE ON FLAG-LEAF 
NET PHOTOSYNTHESIS IN OATS 1 
J. G. Criswell .and R. M. Shibles 2 
pp. 405-415 
ABSTRACT. Net photosynthesetic rates of flag leaves of two oat (Avena 
sativa L.) varieties subjected to various treatments designed to alter the 
sink-source ratio were measured by infrared gas analysis techniques. 
Removal of half and three -quarters of the spikelets failed to depress 
flag-leaf photosynthetic rate. The development of alternative sinks for 
assimilates (i.e., tillers) and delayed leaf senescence are believed pos -
sible explanations for failure of spikelet removal to depress photosyn-
thetic rate. Removal of outer glumes from spikelets and all laminnae 
tissue below the flag leaf increased flag-leaf photosynthetic rate. Ferti-
lization with C0 2 early in the season during the panicle differentiation 
period resulted mainly in increased vegetative growth; panicle size and 
flag-leaf photosynthetic rate were not increased. No detectable changes 
in soluble carbohydrate levels were found in plant tissues as a conse -
quenae of treatments. We believe the increased photosynthesis upon re -
moval of glurne and all other laminnae tis sue is consistent with a partial 
regulation of photosynthetic activity by sinks. But secondary effects, 
such as leaf senescence differences and possible development of alterna-
tive sinks which occurred in other treatments, preclude definitive 
general conclusions about sink regulation of photosynthesis. 
It frequently has been postulated that tissues may not photosynthesize 
at the maximum level of which they are capable because of excessive 
assimilate levels in the leaf. These high assimilate levels are presumed 
brought about by limitations in size, or number, of sinks in the plant. 
Although many researchers have invoked this hypothesis to explain leaf 
photosynthesis data, Neales and Incoll (1968), who reviewed this litera-
ture, do not regard the hypothesis verified. They state that, to establish 
proof of such a hypothesis, a negative correlation between the photosyn-
thesis rate and assimilate level in the leaf should be demonstrated. 
Negative correlations between photosynthesis and assimilate le,vel in 
the leaf have been shown in sugarcane (Saccharum spp.) by Hartt (1963) 
and Waldron, Glasziou, and Bull (1967). Moss (1962) has evidence that 
such an association exists in corn (Zea mays L.) and in a determinant 
tomato (Lycopersicon spp.) variety.-- ---
1 Journal Paper No. J - 6985 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa 5 001 O. Project No. 1487. This re -
search was supported, in part, by a grant from the Quaker Oats Company. 
2 NDEA Graduate Fellow and Professor, Department of Agronomy, Iowa 
State University of Science and Technology, Ames, Iowa 50010 (Present 
address of senio r author: Department of Crop Science, University of 
Guelph, Guelph, Ontario , Canada). 
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Work conducted on small grains, however, has not been conclusive. 
King, Wardlaw, and Evans ( 196 7) were successful in measuring photo -
synthetic reductions in flag leaves of wheat (Triticum aestivum L.) after 
removing the ear. On the other hand, Nos berger and Thorne (1965) 
found that removal of half the florets from barley (Hordeum spp.) de -
pressed flag-leaf photosynthesis only slightly 10 to 17 days after ear 
emergence and slightly increased photosynthesis and delayed leaf senes -
cence 31 to 42 days after ear emergence. To the best of our knowledge, 
there have been no studies conducted on oats that would tend either to 
support or refute an association between photosynthesis. and assimilate 
level in the leaf. We conducted th~ experiments described herein to 
examine the assimilate -level hypothesis in oats. 
METHODS AND MATERIALS 
Two oat varie ties adapted to the midwest, 'Burnett' and 'Richland', 
were chosen for study. Burnett has generally yielded well in per for -
mance trials, whereas Richland has generally yielded less well. Plants 
were grown outdoors in plastic containers (27 x 19 x 29 cm.). P and K 
were first mixed with the soil at 40 and 60 ppm, respectively. N was 
applied at the rate of 17 ppm of soil biweekly during vegetative growth 
and weekly during reproduction. Twenty-four seeds of each variety were 
planted on April 22, 1969 , in a row in the center of each container and, 
on May 7, the population was reduced to 18 plants per container. 
Treatments were as signed at random within the experimental site and 
consisted of: (1) control-normal plant development, (2) half the spike-
lets removed at full panicle emergence, (3) three -fourths the spikelets 
removed at full panicle emergence, (4) removal of outer-glumes from 
the spikelets and all laminnae below the flag leaf at the time of full pani-
cle emerg~nce, and (5) growth in a COz-enriched atmosphere during the 
panicle differentiation period. All defoliation treatments were applied to 
16 of the 18 main culms in each container. Fertilization with C02 oc -
curred during daylight hours during the period 5 to 2 weeks before panicle 
emergence. Plants subjected to C02 fertilization were placed under a 
transparent polyvinyl chloride chamber, similar to that described by 
Jeffers and Shibles (1969), through which the C0 2 -enriched air (approxi-
mately 1, 200 ppm) was passed at a rate of approximately 1, 750 liters· 
min- 1• 
All flag -leaf photosynthetic measurements were made at atmospheric 
C0 2 concentration (320 ppm) during the midafternoon, because we be-
lieved that concentration of leaf assimilates would be highest at that time. 
The apparatus used to obtain these measurements was the same as that 
described by Criswell and Shibles (1971). 
Measurements were begun at the time the flag leaf emerged (June 11) 
and were terminated on July 12. Panicles emerged on June 20 in most 
plants; panicles of plants subjected to C02 fertilization, however, emerged 
1 to 2 days earlier. Because only five measurements could be obtained 
per afternoon, each variety was tested on alternate days. Twelve repli-
cations, consisting of four flag-leaf midportions each, were taken of each 
of the two oat varieties. Four of the 12 replications were taken before 
application of the defoliation treatments. 
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After the photosynthetic measurements were concluded, the leaf sur -
face area enclosed in the assimilation chamber was measured. Then, 
the flag-leaf midportion sections and 10-cm peduncle , culm, and s t em -
base sections from the tested plants were frozen w ith dry ice (2-3 min.) 
and stored at -25. 0 °C (1 month). When removed from storage, the 
sections were freeze -dried ( 16 hours). Surface moisture, which may 
have accumulated on the samples, was removed by drying the material 
in an oven at 70. 0 °C for 4 hours. Tissue dry weights were obtained 
upon removal from the oven. Bec ause of the limited amount of dry 
matter in any one sample, plant material of each variety from two con-
secutive testing dates was bulked together for grinding and subsequent 
carbohydrate analysis. 
Because grasses of th e Aveneae tr ibe accumulate, predominantly, 
long -chain fructosans readily extracted with water (Smith 1969) , a hot 
water procedure, similar to that used b y Brown and Blaser (1965), was 
used to extract nonstructural carbohydrates from the 50-mg samples. 
Reducing power tests were conducted, both be fore and after acid hydrol-
ysis, by use of a colorimetric adaptation (Nelson 1944) of the Somogyi 
method as later modified by Somogyi ( 19 52). Acid hydrolysis was ac -
complished with O. OlN HCl. Carbohydrates were calculated as a per -
centage of the dry weight of the plant tissue. 
Because the oat varieties w ere te sted on alternate days, with the 
exception of Sunday, data collected on each variety were analyzed sepa-
rately by use of a modified, randomized block design, blocking being 
done across the 12 test dates. Preliminary examination of the data 
indicated that there might be a significant block x treatment interaction 
dur ing the later test dates. An attempt was made to test for such an 
interaction by conducting separate analyses across the first four (before 
appli cation of most treatments) and last eight dates of testing. Results 
indicated that the error terms in analyses blocked over the last eight 
test dates were not random and were large, because of a block x tr eat -
ment interaction, Because most treatments were applied after the fourth 
test date, we reasoned that the error term from analyses conducted over 
the first four test dates would be more representative for testing mean 
squares of analyses conducted across all test date s. 
A factorial design was used to analyze dry weight, spikelet, and tiller. 
count data obtained from four plants in each treatment at the time the 
study was terminated. 
RESULTS 
Statistically significant treatment effects for net p hotosynthesis were 
found in both varieties. Net photosynthetic rates of all flag leaves, re-
gardless of treatment, began to decline about 20 days after flag -leaf 
emergence. There seems little difference in net photosynthesis during 
the first 20 days of the exp~riment, but rates of decline in photosynthesis 
over the final 10 days seem different between treatments (Fig. 1.) Flag 
leaves of plants subjected to spikelet removal had slightly higher net 
photosynthetic rates than did control flag leaves. Flag leaves of plants 
subjected to partial defoliation also had slightly higher net photosynthetic 
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10 20 30 10 20 30 
TIME, days 
Figure 1. Net photosynthetic rates of oat flag leaves of varieties Bur -
nett (A and B, top) and Richland (C and D, bottom), plotted as a func -
tion of time. Each point represents an individual measurement on 
four flag-leaf midportions . Days 1 and 32 correspond to June 11 and 
July 12, 196 9; the black bar indicates the dates treatments 2, 3 and 4 
were applied. o, x, o, .A, and P indicate control and treatments 2-5, 
respectively. 
however, had a lower net photosynthetic rate than did controls. In 
general, differences were more pronounced in Richland than in Burnett. 
Specific leaf dry weight, SLDW (leaf dry weight per unit area), of the 
tested flag leaves differed significantly between treatments. Plants on 
which 75% of the spikelets were removed usually had flag leaves with a 
slightly higher SLDW as the oats approached maturity, whereas the 
SLDW .of leaves from other treatments did not vary much from the SLDW 
of controls. 
Results showed no significant differences in hot-water -extractable 
free sugars in any of the plant parts, regardless of treatment imposed. 
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Figure 2. Mean percentages of carbohydrates, averaged across treat-
ments, plotted as a function of time. Days 2 and 31 correspond to 
June 11 and July 11, 1969, respectively. Broken lines indicate free 
sugars, whereas solid lines indicate free plus acid-hydrolyzable 
carbohydrates. • and o correspond to varieties Burnett and Richland, 
respectively. 
Moreover, upon acid hydrolysis of hot-water -extractable carbohydrates, 
the only significant treatment effects were associated with higher carbo -
hydrate contents in main culms and peduncles of C0 2 -fertilized Burnett 
(Table 1). Carbohydrate levels in all plant parts tested decreased 
throughout the experimental period (Fig. 2) and, in all instances, were 
greater in Burnett (Table 1). 
Richland tillered significantly more than Burnett, and in Richland 
there was an inverse relationship between the number of spikelets re -
moved and the number of tillers that elongated (Table 2). In Burnett, 
spikelet removal also resulted in more tillers. Neither partial defolia-




Table 1. Mean carbohydrate percentages during the experimental period for various plant parts 
of oats subjected to different treatments! 
1-rJ 
% free sugars + acid- > % free sugars hydrolizable carbohydrates () 
I 
t-< 
flag main stem pedun- flag main s tem pedun- M ::i:. Treatment leaves culms bases cles leaves culms bases cles 1-rJ 
'""d 
Burnett :r: 0 
Control 1. 7 3.1 1.0 8.3 13.8 8.6 7.8 11. 7 ~ 
50% spikelet removal 1.8 3.2 0.8 7.6 14.0 8.5 7.6 11.5 0 C/l 
75% spikelet removal 2.0 3.2 0.7 8.4 15.0 9.0 8.1 12.1 ~ 
Partial defoliation 1.7 2.7 0.4 6.8 14 . 0 8.2 6.2 10.1 z ~ 
co2 fertilization 1.4 1.9 o.s 7.2 13.6 12.8 9.6 13.2 :r: 
Significance >'< ns .,, M ns ns ns ns ns C/l 
H 
Richland C/l H 
Control 0.6 2.0 0.6 3.6 8.0 5 . 8 4.6 6.4 z 
50% spikelet removal 0.6 1.5 0.6 3.6 8,5 5.9 4.8 6.3 0 
75% spikelet removal 0.7 2 . 1 0.7 3.6 8.4 6.3 4.8 6.4 ::i:. 
Partial defoliation 0.9 2 .1 0.6 3.9 9.2 4 .6 3.4 5.7 ~ C/l 
co2 fertilization 0.2 2 .2 0.7 3.8 6.9 6.1 4.9 6.3 
Significance ns ns ns ns ns ns ns ns 
* indicates .OS level of statistical significance. 
ns indicates lack of statistical significance at the .05 level. 
Table 2. Spikelet number, tiller number, and dry weights of various plant fractions measured at 
termination of experiment (July 14, 1969). 
Spike lets Dry weight 
per 4 Tillers per l/ Dry weight Eer 4 main culms 1 g 
treated per 4 spikelet,- Panic le Culm 
Treatment culms plants mg weight weight 
Burnett 
Control 121 4 57.0 6.98 8.20 
50% spikelet removal 56 7 62.0 3 . 53 7.52 
75% spikelet removal 30 7 72.0 2.17 7 .96 
Partial defoliation ll6 4 37.0 4.22 5.24 
co2 fertilization ll6 3 71.0 8.19 10.54 
Richland 
Control 142 5 45.0 6.31 5.27 
50% spikelet removal 72 8 52.0 3.76 5.67 
75% spikelet removal 34 12 58.0 1.93 5.32 
Partial defoliation 139 5 30.0 4.21 4.51 
co2 fertilization 121 6 47.0 5.63 6.22 
Significance: 
Genotype ** ic* "Ide * ** 
Treatment ** ** ** ** io~ 
G x T ns ns ** ,~ ic 
* and ** indicate .05 and .Ol levels of statistical significance, respectively . 
ns indicates lack of statistical significance at the .05 level. 
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Burnett had significantly fewer spikelets than did Richland, but Bur -
nett 1 s spikelets were heavier. Within both varieties, spike let removal 
increased weight per spikelet, whereas partial defoliation decreased 
weight per spikelet. C02 fertilization increased weight per spikelet and 
panicle weight in Burnett, but not in Richland. 
Main culms of Burnett were heavier than those of Richland, and culm 
weights were altered by treatments. Partial defoliation depressed the 
dry weight of main culms, mainly, we believe, as the result of leaf 
removal, which reduced both the photosynthetic capability and dry weight 
of the main culm. Dry weights of main culms were increased by C02 
fertilization; Burnett, however, produced heavier culm sections than 
those of Richland in response to C02 fertilization. Spikelet removal 
treatments had little effect on dry weight of main culms. Total dry-
matter production in aboveground plant portions did not differ between 
varieties, and only treatments involving partial defoliation and C0 2 fer -
tilization affected dry-matter production. 
DISCUSSION 
In most small grains, a substantial amount of carbon assimilated by 
the flag leaf is translocated to the grain (Carr and Wardlaw 1965; Jen-
nings and Shibles 1968). Therefore, we postulated that, if the sink-
source ratio could be altered in this experiment, corresponding changes 
in flag-leaf net photosynthetic rates might result. The results, however, 
indicate that, even though significant differences in net photosynthetic 
rates of flag leaves occurred in response to treatments designed to 
modify the sink-source ratio, the differences were not large. 
All photosynthetic rates declined beginning about 20 days after flag-
leaf emergence, and this response was attributed to flag-leaf senescence. 
There was a trend, however, for flag leaves of plants that received 
spikelet-removal treatments to show slightly higher net photosynthetic 
rates than those of control flag leaves during the last third of the test 
period. This response was unexpected since we postulated that the re -
duction in sink size would cause a reduction in photosynthesis. 
We think that there are two possible explanations for this response, 
First, the growth-regulator balance of the oat plants may have been dis -
turbed. There have been reports that destruction of strong mobilizing 
centers for nutrients -e.g., spikelets in this experiment-delays senes -
cence (Leopold 1964). Obvious differences in rates of flag-leaf senes -
cence occurred between these treatments and the. control, and our re -
sults are in agreement with those of Moss (1962), who observed slightly 
higher than average net assimilation rates and delayed leaf senescence 
in barren corn plants approaching maturity. The second possible ex-
planation for the slightly greater net photosynthetic rates of flag leaves 
in the spikelet-removal treatments is related to the increased tillering 
in these treatments. Perhaps net photosynthetic rates of flag leaves of 
such plants were greater than those of control plants because active 
meristematic regions near the crown, together with the remaining spike-
lets, became a stronger sink for assimilates than did normal panicles 
and tillers of untreated control plants. That this may have occurred is 
supported in that nutrients, both minerals and carbohydrates, are 
CRISWELL and SHIBLES 413 
believed preferentially transported to regions of high auxin content 
(As pinall 196 3). Because auxin occurs abundantly in actively growing 
meristems (Leopold 1964) , we believe that the tiller meristems in the 
crown region could have been a major sink for assimilates. Puckridge 
(1969) presumed that alternative sinks in the form of new tillers influ-
enced the restoration of photosynthetic rates in wheat communities with 
depressed photosynthetic rates after ear removal. Hence, in our ex-
periment, development of alternative sinks in treated plants may have 
resulted in a greater sink demand than that in controls. 
Removal of outer glumes and laminnae tissue below the flag leaf in-
creased flag-leaf net photosynthetic rate. Perhaps the efficiency of 
flag-leaf photosynthesis w as increased because the flag leaf compensated 
for photosynthetic tis sue that had been removed. Others have noted such 
compensation effects (Kiesselbach 1948; Allison and Watson 1966), and 
there is evidence that increased net photosynthetic rate of leaves of 
partly defoliated plants is associated with increased levels of leaf protein 
and greater carboxylating enzyme activity (Wareing, Khalifa, and Tre -
harne _ 1968). Whatever the mechanism, the greater photosynthesis of 
leaves under an increased demand situation supports at least partial sink 
regulation of leaf photosynthesis. 
The C0 2 fertilization treatment wa s not effective in increasing the 
number of spikelets, but spikelet and culm w eight were increased, par -
ticularly in Burnett. Perhaps C0 2 fertilization did not take place early 
enough to influence spikelet differentiation or, alternatively, nitrog en 
may have been inadequate for increased spikelet differentiation. Perhaps 
the more rapid senescence of flag leaves of plants receiving C0 2 fertili-
zation, plus the failure to increase sink demand, also could explain the 
lower than normal photosynthetic rates in such plants. 
Leaf dry weight per unit area has sometimes been used to indicate the 
presence of a carbohydrate accumulation (Burt 1964; Nosberger and 
Thorne 1965). In our experiment, three -fourths spikelet removal seemed 
to increase SLDW. There was, however, no evidence of a carbohydrate 
accumulation in any of the flag leaves, because hot-water-extractable 
leaf carbohydrate of plants subjected to different treatments did not dif-
fer significantly. Thus, we believe that no treatment decreased the 
movement of assimilates from the leaf. We postulate that the higher than 
average SLDW of flag leaves from the removal of three -fourths of the 
spikelets was because of delayed leaf senescence. 
In all instances, the percentages of free sugars and acid-hydrolyzable 
carbohydrates in flag leaf tissues of both oat varieties remained rela-
tively stable throughout the test period. Carbohydrate content of other 
plant parts decreased markedly, however, and, although the fate of these 
carbohydrates was not investigated, we speculate that the decreases 
were a result of a redistribution of carbohydrates to other plant organs, 
conversion of sugars to water -insoluble polysaccharides, and respiration. 
There was no evidence of a treatment-induced carbohydrate accumulation 
in any plant parts. 
Sink regulation of photosynthesis, as we understand it, implies a feed-
back mechanism that regulates assimilation. This feedback may be as 
simple as assimilate accumulation in the leaf because of lack of utiliza-
tion by a sink, or it may involve more complicated hormonal interactions. 
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Our experiment shows changes in leaf photosynthesis as a consequence 
of altering the sink-source ratio, but no change in the level of leaf as -
similate. Hence, the assimilate -level mechanism does not seem opera-
tive here. Nevertheless, the results are consistent with a sink-regulation 
interpretation. The degree of regulation, however, if real, seems only 
partial. For example, although average panicle weight was reduced 40"10 
Burnett and 33'11o in Richland by partial defoliation, photosynthesis was 
increased only about 9. 27"i in Burnett.and 12. 3'ifo in Richland-and then in 
only during the last half of the treatment period. 
Then the higher spikelet weight under C02 fertilization, especially in 
Burnett, is an argument against complete sink regulation, for it raises 
the question: 1iWhy, if sinks regulate photosynthesis, do they not induce 
a high enough photosynthesis to reach their maximal weights under the 
optimal growth conditions supposedly prevailing in the control treatment 
of this experiment?" 
Finally, it seems realistic to us to suggest that the changes in photo-
synthesis in this experiment may have been brought about because of 
hormonal changes in the vegetative tissues which may have been entirely 
unrelated to sink activity. 
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ABSTRACT. Findings showed a significant decline of mourning dove 
(Zenaidura macroura) nesting populations on the central Iowa study area 
from 19 6 3 to 196 9 . Some factors which may be related to this decline 
include unfavorable seasonal weather and deterioration of nesting habitat. 
Additional findings point out the usefulness of the nest call, a three -note 
call, for locating nests and suggests their possible use in estimating 
local nesting activity and production. 
INTRODUCTION 
Some highly significant research studies on the mourning dove have 
been performed in Iowa. The work of McClure (1941) at Lewis, Iowa is 
a classic study in natural history . It provided the basis for the national 
call-count survey of mourning doves as well as information on nesting 
habits, production, population status, and decimating factors. 
The primary objective of the current study was to determine factors 
influencing the calling behavior of the mourning dove. Data on calling 
patterns have been presented elsewhere (LaPerrier and Haugen, unpub-
lished manuscript). Some findings on population changes which seem 
particularly relevant to Iowa are presented here. Data were collected 
on the study area during the 1963, 1969, and 1970 nesting seasons. 
STUDY AREA 
The study area is located in typical central Iowa farmland with 3 to 6 
farm groves per section and surrounding cropland planted almost ex-
clusively to corn and soybeans. The groves were located along a rec -
tangle with a perimeter of 10 linear miles enclosing sections 20, 21, 28, 
29, 32, and 33 of Colfax Township (T. 83N., R. 25W., fifth principal 
meridian) in Boone County, Iowa, Most of the groves contain conifers 
such as pine, spruce, and cedar planted as ornamentals or windbreaks. 
These conifers range in size from 2-foot saplings to mature trees 30 to 
40 feet in height. 
1 Journal Paper No. J - 7048 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1756. Administered by the 
Iowa Cooperative Wildlife Research Unit, which is supported by th-e Bur -
eau of Sport Fisheries and Wildlife (U.S. Dept. Interior), Iowa State Uni-
versity of Science and Technology, Iowa State Conservation Commission, 
and the Wildlife Management Institute. 
2 Graduate Assistant, Iowa State University, Ames. Present address, 
Alaska Cooperative Wildlife Research Unit, College, Alaska. 
3 Leader, Iowa Cooperative Wildlife Res ear ch Unit, and Profess or, Iowa 
State University, Ames. 
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The four groves used for grove call-counts and nesting study were 
somewhat larger than the average size of groves along the route. These 
four g roves totaled 24. 2 acres and are described in greater detail in 
Appendix 1. 
M ETHODS 
Two methods of obtaining calling data were used, namely, gr ove call-
counts and route call-counts. Call-counts began one -half hour before 
sunrise and were completed by one and one -half hours after sunrise. 
In 1963, 10 groves were utilized as listening stations, and the 10-
mile route was driv en twice each morning with 3 -minute roadside listen-
ing stops at each grove . Dir e ction of travel along the route was re·-
vers ed on succeeding mornings. 
During 1969 and 1970, the route w as driven only once each morning, 
and 6-minute stops were made at each listening station . Instead of re -
versing the direction of travel on succeeding morning s , as was done in 
1 963, the successive call-counts were started at success ive listening 
s tations in a clockwise progression around the route. The number of 
count s involved permitted progression of the starting point for succes -
sive call-counts to circle the route three time s eac h season. The main 
difference between the 1963 p rocedure and the 1969 -1 970 procedure was 
that two spaced 3-minute listening intervals were obtained for each 
listening station in 196 3, whereas two consecutive 3 -minute listening 
intervals were obtained in the later years. R oute call-count data cover 
the period from early April to late August in 1 963 and 1970 but data col-
lection did not b egin until mid-May in 196 9 . 
Four grove call-counts were obtained each week under all weather 
conditions. Two I -hour counts were obtained in two of the four groves 
each morning a grove count was taken. Consequently, the resulting data 
included two 1 -hour counts each week for each grove, namely, an early 
count (one-half hour before sunrise to one-half hour afte r sunrise) and a 
late count (one-half hour after sunrise to one and a half hours after sun-
rise ). These data cover the period from late May through the end of 
August in both 196 9 and 1970. 
Nesting data were obtained by searching the four study groves follow-
ing call-counts, and they were seached for from about 8: 00 A. M. to noon 
six days per week. In 1963, however, 10 groves of considerably smaller 
average size were s earched for nests from May to August. Wbile ap-
proximately the same acreage was searched for nests each year, only 
one grove (No. 7) was searched for nests during all three years of the 
study. 
RESULTS 
Findings indicated that calling activity of mated birds varies with time 
of day, position in the nesting cycle, and weather (LaPerrier and Haugen, 
unpublished manuscript). These findings agree with those of other in-
vestigators. For example, McClure (1941) found calling activity varied 
with time of day and weather. Mackey (1954) and Webb (1949) reported 
calling activity varied with position in the nesting cycle. 
Additional findings indicated a marked decline in the breeding popula-
tion on the study area between 1963 and 196 9. In 1963, 25 acres of farm 
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groves were searched for dove nests and a total of 50 (2. 0 nests per 
acre) w as found that season. Of these 50 nests, 35 were successful, 
indicating a rate of nesting success of 70~. The primary cause of nest-
ing failure was adverse weather which accounted for nine nest failures. 
Other factors in nest failure included predation by mammals (3 nests), 
predation by a bird (1 nest), interference by man (1 nest) , and from an 
unknown cause (1 nest). 
In 1969, a total of 24. 2 acres of farm groves was searched and 15 
active nests (0. 6 nests per acre) were found that season. Of these nests, 
6 were abandoned, 7 were lost to predators, and 2 were never completed, 
indicating no known nesting success in the grove. 
In 1970, only 8 nests (0. 3 nests per acre) were found in the 24. 2 acres, 
and none of these was successful. Five nests were not completed and no 
eggs were laid in them. Eggs were lost to predators in 2 nests and 1 
nest was abandoned after several days incuhation of an egg. 
In making yearly comparisons, 2. 0 nests per acre were found in 1963, 
0. 6 per acre in 1969, and 0. 3 nests per acre in 1970. In the single 
grove which was searched during all three years, the results were as 
follows: In 1963, eleven nesting attempts were made by seven different 
nesting pairs. Nine of these attempts were successful but egg loss oc-
curred in the remaining two attempts. In 1969, four unsuccessful nest-
ing attempts occurred there early in the nesting season but no further 
nesting efforts were noted there after June 1st. In 1970, an incomplete 
nest was found there on June 15th but no other indication of nesting acti-
vity occurred in the grove. 
These results suggest a progressive decline in the breeding population 
of mourning doves on the study area during the period of the study. Addi-
tionally, the trend of this finding is in agreement with trends in call-
count data obtained on the study area. 
A : mean of 2. 95 perch-calls (5 -note call) per 3-minute interval was 
recorded on call-counts secured from May to August in 1963. Mean 
values for call-counts secured during 1969 and 1970 were 0. 38 and 0. 35 
perch-calls per 3-minute interval respectively. The mean value for the 
combined 1969 and 1970 data was only 12. 1 % of the 1963 mean value; this 
difference was found significant at the O. 001 level with at-test. Mean 
monthly calling values during the years of the study are illustrated (Fig. 
1). Also, a seasonal graph of actual route call-count results during the 
3 years illustrates that calling activity on the study area was substan-
tially less during the latter 2 years than during 1963 (Fig.2). 
During the course of the investigation, the use of nest calls proved to 
be a very effective means of locating recently established ·active nests. 
Craig (1911) gave the following description of the nest caU: "This call 
is much shorter than the song, and much fainter, so that the field ob-
server may .fail to even hear it. It's typical form is of three notes, a 
low, a high, and a low, thus somewhat resembling the fir;:;t bar of the 
song, ... " Frankel (1961 ), however, reported that captive males give 
the nest call as often and as loud as perch-calls. Jackson. and Baskett 
(1964) found that the nest call occurs most frequently during nest site 
selection or nest building and Whitman (1919) maintained that the nest 
call functions in calling the female to a prospective nest site, calling the 
mate for relief on the nest, or renewing the nest cycle. 
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Eighteen nests were located through the use of nest calls. None of 
these nests had progressed beyond 3 days incubation. Nest calling was 
heard in only two instances when subsequent searching failed to reveal 
the presence of an active nest. In one case, the source of nest calling 
was located high in a large maple tree. The site was well camouflaged 
by leaves and branches thus making verification of the presence of a 
nest with binoculars impossible. Because of the height involved (ap-
proximately 40 feet) and inaccessibility of the site, it was unsafe to 
climb the tree. The investigators believe, however, that an active nest 
existed at the site for approximately 10 days, after which time it was 
apparently abandoned. In the other case, thorough searching of a some -
what smaller grove failed to produce any indication of nesting activity. 
The investigators believe this nest calling was associated with nest site 
selection behavior in the grove. 
DISCUSSION AND CONG LUSIONS 
Separate records of nest calls add significant supplementary informa-
tion to call-count census results (LaPerriere and Haugen, unpublished 
manuscript). Additionally, the enumerating of nest calls during post-
storm periods possibly can be used locally .to obtain an estimate of nest-
ing activity and production (LaPerriere 1971). 
Nesting activity and call-count data obtained during the study indicate 
a decline in mourning dove breeding population levels on the central Iowa 
study area between 1963 and 1969-1970. Some slight differences in call-
count procedures were used in 1969 and 1970 as compared to 1963; these 
may partially account for the lower calling levels recorded on the area 
during the latter 2 years of the study (LaPerriere 1971). There is some 
evidence that, to some degree, calling activity of mated birds may vary 
inversely with population density (Duvall and Robbins 1952; LaPerriere 
1971; LaPerriere and Haugen, unpublished manuscript; Mackey 1954; 
and Viers 1970). As a consequence, call-count results obtained in areas 
which have considerable differences in population density may not re -
fleet proportional differences in population levels. Therefore, one 
might question if the breeding population has declined as much as call-
count results seem to indicate. While this indication is possibly valid, 
nesting evidence obtained on the same area also support indications of a 
population decline of considerable magnitude. Further, national call-
count survey results show a significant long-term downward trend in the 
mourning dove populations of the Midwest as well as the entire United 
States (Ruos 1971). The reasons for this trend are not entirely clear 
and may vary in different regions of the country. 
In Iowa, however, the investigators believe mourning dove populations 
are influenced by two main factors, namely weather conditions during 
the nesting seas on and progressive deterioration of nesting habitat. 
The effect of weather on mourning dove production in Iowa deserves 
more detailed investigation. Past studies in Iowa as w.ell as the current 
study have found adverse weather as the greatest single cause of nest 
destruction (Carter 1957, McClure 1941). Therefore, it is logical to 
presume that several consecutive "wet" years would have a detrimental 
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Figure 1. Mean monthly mourning dove calling activity during 1963, 
1969 and 1970. 
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Figure 2. Mourning dove call-count survey results in Colfax Township, 
Boone County, Iowa. 
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other regions of the country but, in Iowa, rains occurring in the late 
spring and during the summer tend to be associated with violent thunder -
storm activity which destroys nests and young. 
Further investigation of climatic data revealed a significant inverse 
correlation (Spearman-rank coefficient of . 858) between mean monthly 
June -July rainfall in Iowa and the Iowa call -count survey results the 
following year. Also, June-July precipitation in Iowa was greater than 
normal every year from 1966 to 1969 inclusive and was greater than 
normal in seven of the ten years preceding 1970 ( LaPerriere, unpub-
lished manuscript). 
Another factor which should be investigated more thoroughly is the 
deterioration of nesting habitat. The loss of many large trees to Dutch 
elm disease in recent years, coupled with progressive clearing of farm 
groves at abandoned homesites as farms are consolidated, has reduced 
the availability of nesting habitat for doves in Iowa. A number of studies 
indicate that the American elm traditionally has been the mos t important 
nesting tree for doves in parts of the north central United States. Mc~ 
Clure (1941) reported that in 1938 , 1939 and 1940, 43% of all successful 
dove nesting at Lewis, Iowa occurred in elms. At Stutsman County, 
North Dakota, Boldt (1950) found that 73% of dove nesting occurred in 
elm trees. Additionally, McClure (1941) concluded that the most im-
portant single management suggestion for towns in Iowa was to increase 
the planting of young trees, particularly elms. Neither of these authors 
would contend that elms are a preferred nesting tree for doves nor are 
we making that suggestion. Our purpose here is to point out that elms 
have been satisfactory nest trees with an important role in Iowa dove 
production. Consequently, we believe the massive loss of so many elms 
in recent years along with progressive loss of other nesting habitat to 
land clearing may be contributing in part to reduced dove production in 
Iowa. 
Within the context of our particular study, Dutch elm disease claimed 
36 large elms in the four study groves during the decade of the 1960' s. 
These trees represented from 3 to 25% of the trees present in the groves. 
During the winter of 1970-1971, about SO'TfO of the remaining trees were 
cleared from one of the largest groves on the study area. Late in the 
spring of 1971, eight farm groves 2 miles north of the study area we re 
partially or entirely cleared for the widening of Highway 30. 
In summary, mourning dove populations declined drastically on the 
central Iowa study area. Additional research is urged to evaluate the 
basic factors contributing to this decline. Two items which merit more 
detailed investigation in this regard are the effect of seasonal weather 
and progressive loss of nesting habitat. 
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APPENDIX 1 
Grove 7 (5. 3 acres) 
Deciduous trees are primarily green ash (Fraxinus pennsylvanica) and 
pignut hickory (Carya glabra) 20 to 30 feet in height. A total of 53 of 
these trees are contained in the grove. Other deciduous trees include 8 
dying elms (Ulmus sp. ), a large cottonwood (Populus deltoides) 40 or 
more feet in height, and 2 mulberry (Marus alba) 8 to 10 feet in height. 
The grove contained 23 mature conifers (26to 40 feet in height). 
These conifers were primarily white cedar (Thuja occidentalis) and white 
pine (Pinus sp.) but included 4 large junipers ~iperus virginiana). 
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Grove 9 (5. 6 acres) 
The grove contained 30 spruce (Picea sp.) 4 to 15 feet in height, 25 
deciduous trees, and 5 shrubs. The deciduous trees were diverse and 
included the following: apple (Malus sp.), soft maple (Acer sp.), Ameri-
can elm (Ulmus americana), black walnut (Juglans nigra), white walnut 
(Juglans cinerea), and wild plum (Prunus sp.). The shrubs consisted of 
4 wild raspberry (Ru bus sp.) and one lilac bush (Syringa sp.) . 
Grove 10 (6. 2 acres) 
The grove contained 87 spruce, 37 of which were 12 to 15 feet in 
·height while the remainder were saplings generally less than 4 feet in 
height. A large number of deciduous trees were also present and were 
primarily bur oak (Quercus macrocarpa), black walnut, and green ash. 
Grove 12 (7.1 acres) 
~e western half of the grove consists primarily of black walnut 
trees 20 to 30 feet in height with an understory of mulberry 6 to 9 feet 
in height and herbaceous vegetation which grew to a height of 6 to 7 feet 
in the summer. The eastern half of the grove contained similar under-
story vegetation but the large trees were primarily soft maple instead 
of black walnut . A row of 6 large ,northern white cedars grew in the 
center of the grove and a dense honeysuckle hedge bordered the south-
west perimeter of the grove. 
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MINEOCAPSUS MINIMUS NEW GEN US AND NEW SPECIES; 
WITH A LENGTH OF ONE MILI.JMETER THIS INSECT 
IS A CANDIDA TE FOR THE SMALLEST SPECIES IN 
FAMILY MIRIDAE (HEMIPTERA) 
Harry H. Knight 
Department of Zoology and Entomology 
Iowa State University of 
Scienc e and Technology 
Ames, Iowa 
ABS TRACT. Mineocapsus m1n1mus new genus and new species from 
Utah. With a length of one millimeter this may be the smallest known 
species of Miridae (Hemiptera). 
Mineocapsus new genus 
Arolia minute, bristle-like, pseudarolia absent; male genital seg.:.. 
ment very similar to that of Plagiognathus, with tip of the flagellum 
twisted to the left and resting in the hollow of the left clasper, the slen-
der apex extending downward and to the rear. Second antenna! segment 
linear, length subequal ( ~) or slightly greater (oj than width of head 
across eyes. 
In the key to the genera of the Phylinae (Knight 1968), this genus runs 
to the couplet with Plagiognathus and Monosynamma from which it may 
be separated by the vertical position of the head; the tip of clypeus ex-
tending posteriorly to the point where a vertical line, if projected and 
viewed laterally, would pass through the eye above. Pubescence of the 
dorsal surface, simple, recumbent and of a single type. Hind femora 
enlarged, in a form similar to jumping types; marked with several 
strong black dots; tibiae also with black dots at base of spines (Fig.~). 
Type of the genus: Mineocapsus minimus, new species. 
Mineocapsus minimus new species 
Distinguished by the small size, pallid color but with strong black 
spots on femora and tibiae; second antennal segment linear, length sub-
equal (~), or slightly greater (oj to width of head across eyes. 
Male. Length 1. 02 mm, width . 45 mm. Head: width. 30 mm, ver-
tex ---:-Us mm; vertical in position, base of clypeus not visible from above, 
apex of clypeus extending posteriorly to a point just beneath middle of 
the eye above ; base of vertex smooth, without a basal carina; color uni-
formly pallid to slightly yellowish. Rostrum, length . 35 mm, reaching 
to base of posterior trochanters, pallid, apex blackish. 
Antennae: segment I, length . 08 mm, pallid, ventral aspect with a 
black dot at middle of apical half, also a similar dot on dorsal aspect, at 
base of a short bristle; II, , 32 mm, nearly cylindrical but slightly more 
slender on basal half, pallid to dusky, clothed with minute pale pubes -
cence; III, . 18 mm, pale fuscous; IV, • 10 mm, dusky. Pronotum, length 
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a 
Figure I. Mineocapsus minimus new genus, new species. 
a. claws. b. posterior leg, anterior aspect. 
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. 15 mm, width at base . 40 mm; disk nearly flat, lateral margins angu-
late, color pale to yellowish, sparsely clothed with minute pale pubes -
cence. Mesoscutum broadly exposed; scutellum triangular, disk moder-
ately convex; color similar to the pronotum. Hemelytra with costal 
margins only slightly arcuate; clavus and corium nearly flat, pallid to 
slightly yellowish, subtranslucent; pubescence rather sparsely set, 
short and recumbent, pale, inconspicuous; cuneus pallid, subtrans -
lucent, apex opaque white; membrane clear except for a small, triangu-
lar shaped marginal dark fuscous spot just behind apex of cuneus; veins 
opaque white. 
Ventral surface and coxae pallid; hind femora strongly developed, 
apparently for jumping, pallid, anterior aspect showing four small black 
spots along ventral margin, apical area with three smaller dots, dorsal 
margin with a large subapical black spot, also a smaller spot on apex. 
Tibiae pallid, posterior pair bearing fuscous to black spines, each with 
eight black spots set at base of spines , four of the spots set closely as 
pairs; middle tibiae with three pairs of black spots, anterior tibiae with 
four or five single black dots; tarsi pallid, claws black. Venter pallid 
to yellowish; genital segment pallid, flagellum black, lying within the 
groove formed by the left clasper. 
Female. Length 1. 03 mm, width . 64 mm. Head: width . 30 mm, 
vertex . 19 mm. Rostrum, length . 34 mm, reaching to base of posterior 
trochanters. Antennae: segment I, length . 08 mm, pallid, with two 
black dots on apical half similar to that in the male; II, . 30 mm, cylin-
drical, slightly more slender on basal half, thicknes s on apex slightly 
less than thickness of segment I, pallid; III, . 19 mm, dusky; IV, . 12 mm, 
dusky. Pronotum, length . 17 mm, width at base . 40 mm. More robust 
than the male but very similar in color and markings. 
Holotype: cf July 21, 1 971, Curlew Valley, 17 mi. southwest of Snow-
ville, Utah (G. F. Knowlton); Knight Collection. Allotype: ~. taken with 
the type. Paratypes: 6d, 4~ , collected with the types, sweeping for 
Lygus bugs on Bassia hyssopifolia (Pall.) Kuntze, and Atriplex rosea L. 
(George F. Knowlton). ---
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ABSTRACT. Egg masses or newly hatched larvae of the European corn 
borer, Ostrinia nubilalis (Hubner), were placed manually by 3 methods 
on plants of two corn inbreds in the whorl stage of development at 6-8 AM, 
2-4 PM, and 6-8 PM. The number of borer forms or feeding tunnels 
produced/WF9 corn plant did not differ significantly with method of in-
festation or time of day of infestations. Therefore, the consistency of 
the numbers of borer forms and feeding tunnels produced/ plant at each 
time of day and the ease of dropping 3 egg masses into the whorl of each 
plant make this method the most attractive way to s .imulate an infesta-
tion of 1st-generation corn boxers. 
Studies of host-plant resistance and cooperative investigations of the 
geographic biotypes of the European corn borer, Ostririia nubilalis (Hub-
ner), both require that large numbers of these insects be available to 
produce an artificial infestation of the host plants. Thus, several meth-
ods of applying the borers to host plants have been tried: egg masses 
have been pinned or dropped into the whorl of each corn plant to simu -
late 1st-generation infestations (Patch and Peirce 1933, Dicke 1950, 
Guthrie et al. 1960); newly hatched larvae have been placed in the whorl 
of each pla;:tl (Patch and Peirce 1933) ; and egg masses have been pinned 
to the midvein of a leaf of each corn plant to simulate 2nd-generation 
infestations (Pesho et al. 1965). Everly -, in an unpublished report (1943), 
found no difference in the subsequent simulated infestation of 2nd-gener -
ation borers produced by infesting corn plants at silking with egg masses 
placed in the leaf axils at 8 AM and similar placement at 4 PM. Barber 
and Dicke, in two unpublished reports (1945, 1946), described the infes -
tation of borers resulting when egg masses were sandwiched between a 
folded and pinned leaf near the whorl of each corn plant; they could de -
termine corn lines that showed resistance to the European corn borer 
by counting the borers surviving in the folds at 5 days after hatch, and 
they also obtained better larval survival with the folded leaf method than 
with the standard method (placing egg masses in the whorls of corn 
plants) when they tested susceptible and resistant corn lines. However, 
the interaction between the time of day and the method of infesting corn 
1 Lepidoptera: Pyralidae. 
2 Journal Paper No. J -6933 
Experiment Station, Ames. 
November 15, 1971. 
of the Iowa Agriculture and Home Economics 
Project No. 1687. Received for publication 
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plants on the subsequent infestation has not been s tudied. We therefore 
tested the effect of time of day of infestation and method of infestation at 
the European Corn Borer Investigations Laboratory at Ankeny, Iowa 
from 1967 to 1969. 
MATERIALS AND METHODS 
The experimental area was fertilized with 6-24-24 applied at a rate 
of 365 lb/ acre and plowed under each fall. Also, in 19 67, 2 lb. actual 
heptachlor / acre was applied for control of rootworms (Diabrotica spp.) 
in 1968 and 196 9 , 1 lb. actual Bux®Ten/ acre (a 3: 1 mixture of m-(1-
methylbutyl)phenyl and m-( 1 -ethylpropyl)phenyl methylcarbamates; 10% 
active ingredients) was used for this purpose. Each year, on May 9 , 
WF9, a corn inbred susceptible to the European corn borer, was planted 
in 10-hill plots, 2 plants / hill, 5 hills / row; thus, the experiment was set 
up in a randomized complete block design in a 3 X 3 factorial arrange -
ment. Then, on July 11 each year we attempted to produce a simulated 
infestation of 1st-generation European corn borers by: (1) placing 60 
laboratory-produced 1-day-old larvae (Guthrie et al. 1965) in the whorl 
of each plant in a test plot; (2) placing 3 laborator~produced egg masses 
(approximately 60 eggs) in the whorl of each plant in a plot; and (3) by 
sandwiching 3 egg masses (approximately 60 eggs ) between a folded and 
pinned leaf nearest the whorl of each plant in a plot. The 3 treatments 
were applied at 6-8 AM CST, 2-4 PM, and 6-8 PM. Hypothetically, the 
3rd method of infestation afforded protection for the newly hatched larvae 
similar to that provided by corn whorls. Also , in 1968, plots of CI. 31A, 
a corn inbred resistant to the European corn borer, were handled in the 
same way (Scott and Guthrie 1967, Reed, Brindley and Showers 1972). 
Each treatment (method and time of day) was replicated 4 times each 
year. 
At 35 to 40 days after the infestations, each plant of each plot was 
dissected, and the number and stage of development of the borers and 
the number of feeding tunnels in mature corn plants were recorded. The 
criterion used to classify the feeding tunnels was the number of 1-inch 
tunnels; however, when a tunnel was longer than 1 inch, the frass par -
titions produced by the borer were taken to delineate the end of 1 tunnel 
and the start of another. w .e considered the method and time of day in 
all 3 years as one experiment and the comparison between lines as the 
2nd experiment . The data from both experiments were analyzed as a 
split plot with years as whole plots in the 1st experiment and with corn 
lines as whole plots in the 2nd experiment. 
RESULTS AND DISCUSSION 
Table 1 presents the number of borer forms / WF9 corn plant averaged 
over the 3 years. The main effects (time of day and methods of infesting) 
were not significant. However , significant 2 - and 3-way interactions 
were found between years, times of day, and methods of infestation. 
Figure 1 shows the average number of borer forms / plant within years; in 
1969, the 3 methods of infesting corn plants with European corn borer 
produced a similar number within and between times of infestation, but 
survival was poor. In 1967 and 1968, there was less variation between 
times of infestation in the numbers of borer forms produced when 3 e gg 
masses were placed in the whorl. 
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Table 1. Average number of borer forms/plant resulting from artificial 
infestation of corn in the whorl stage with European corn 
borers. Ankeny, Iowa. 1967-69. 
No. surviving borers after infestation 
at indicated time (CST) 
Method of Infestation 6-8 AM 2-4 PM 6-SPM 
60 larvae in the whorl 2.4 2.5 2.0 
3 egg masses in the whorl 2.1 2.0 2.0 
3 egg masses pinned to leaf 2.1 1.7 2.0 
Likew ise, the average number of tunnels / plant was recorded in 196 7 
and 1968 and is presented by time and method of infestation in Figure 2 . 
Again, the main effects (time of day and methods of infesting) did not 
produce any large differences. However, 3 egg masses placed in the 
whorl of each plant produced less variation in numbers of tunnels / plant 
between times of infestation . 
Thus, though 60 newly hatched larvae placed in the whorl of WF9 
corn plants tended to produce more borer forms and feeding tunnels / plant, 
no significant differences were apparent between the 3 methods of infesta-
tion. Also, the times of day of the infestations produced no significant 
differences. Therefore, at the conditions prevailing at Ankeny, Iowa 
during the summers of 19 67, 1968, and 196 9, when and how infestations 
were accomplished did not affect the number of European corn borers 
that became established . However, the data do suggest that during these 
3 years 3 egg masses placed in the whorl of each corn plant resulted in 
less variation between daily times of infestation, numbers of borers that 
became established, and numbers of tunnels / plant. Thus, more uniform 
establishment plus the greater the ease of the method mean that dropping 
the egg mass es into the whorl is the most attractive way to artificially 
infest corn plants. 
Table 2 presents the data obtained in 1968 in the study of times of day 
and methods of infesting c orn plants and corn lines WF9 and CI. 31A. 
The data show no difference in forms / plant for times of infestation for 
either corn line; however, fewer feeding tunnels / plant were produced by 
borers when the resistant corn was infested between 2 and 4 PM. Also, 
with WF9, 3 egg mass es pinned to the leaf nearest the whorl produced 
fewer borer forms and tunnels than did the other 2 methods of infesting; 
with CI. 31A, the 3 methods resulted in similar numbers of borers and 
tunnels. 
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Figure 1. Aver.age number of borer forms / plant resulting from artifi-
cial infestation of corn in the whorl stage with European corn 
borers. Ankeny, Iowa, 1967-69. 
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Figure 2. Average number of feeding tunnels /rplant produced by infesta-
tion of corn in the whorl stage with European corn borer. 
Ankeny, Iowa, 1967 -68. 
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Table 2. Average number of feeding tunnels and borer forms/plant 
resulting from artificial infestation of 2 corn lines in the 
whorl stage with European corn borer. Ankeny, Iowa. 1968. 
Infestation after 2 corn lines treated at 
indicated time (CST) 
Susceptible Resistant 
corn (HF9) corn (CI.31A) 
6-8AM 2-4PM 6-8PM 6-8AM 2-4PM 6-8PM 
Tunnels/plant 
60 larvae in the whorl 6.3 7.7 7.4 2.0 1.0 2.0 
3 egg masses in the whorl 6.5 5.7 6.3 2.0 1.2 1.4 
3 egg masses pinned to leaf 6.1 4.5 5.4 2.0 1.3 2.0 
Borer forms/plant 
60 larvae in the whorl 3.1 3.8 3.5 1.2 1.0 1.1 
3 egg masses in the whorl 3.4 3.1 3.2 1.2 1.0 1.0 
3 egg masses pinned to leaf 2.8 2.1 2.5 1.1 1.0 1.1 
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